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Hutchinson,  J.,  California    L 
Hutchinson,  Israel  P.     1st 

Hutchinson,  Kobt,,  Notary,  1416  Fairmount  av    L 
Hutton,  Finley,  Builder,  120  X.  13th  st    C 

Iddings,  Frank  H.,  Clerk,  114  S,  2d  st    C 

Iddings,  Frederick  T.,  Clerk  at  Clementon  Station, 

Narrow^  Gauge  R.  R  ,  N.  J    C 
Ide,  Chas.  K.,  Master  of  Transportation,  Broad  st 

and  Washington  av    C 
Imadate,  Tosui,  Student,  107  S.  34th  at    C 
IngersoU,  Harry,  U.  S.  Xavy    L 
Ingham,  W.  A.,  President,  320  Walnut  st     C 
Irwin,  J.  H.,  Morton,  Delaware  co..  Pa    C 
Ivans,  A.  B.,  Teacher  Friends"  Central  school     L 

Jack,  Louis,  Dentist,  1533  Locust  st    C 
Jackson,  $.,  Pyroteclinist,  1414  Ellsworth  st    C 
James  Bushrod  W.,  Physician,  18th  &  Green  sts     C 
James,  Sam'l,  Machinist,  519  X.  43d  st    C 
Janney,  B.  S.,  Jr.,  Grocer,  123  Market  st    C 
Jarrett,  Wm.,  Clergyman,  1814  X.  12th  st    0 
Jayne,  E.  C,  Druggist,  42  Chestnut  st     L 
Jeanes,  J.  T.,  Merchant,  1023  Arch  st    L 
Jeffreys,  Wm.,  Blacksmith    L 
Jeffry,  Struthers,  Machinist,  2477  Frankford  rd     C 
Jenks,  B.  H.,  Machine  Maker,  402  Locust  st    L 
Jessup,  Alfred  D.,  Aldine  Hotel    1st  and  L 
Jewell,  Leonard,  3Ierchant,  1425  Chestnut  st    L 
Johnson,  Chas.  Eneu,  Ink  Manuf.,  500  S.  10th  st    L 
Johnson,  A.  B..  Carpenter,  178  N.  10th  st    C 
Johnson,  E.  H.,  Machinist,  23d  and  W'ashington 

av    0 
.Johnson,  G!eo.  L.,  5th  and  Library  sts    L 
Johnson,  Geo.  R.,  Tinsmith,  7th  and  Sansom  sts    L 
Jones,  Alfred,  Ross  St.,  Germantown    L 
Jones,  F.  P.,  Mech.  Engineer    C 
Jones,  Geo  ,  Teacher,  186  X.  Front  st     L 
Jones,  Geo.  W.,  Clerk,  1328  Spruce  st    L 
.Tones,  J.  P.,  Merchant,  1608  Market  st    1st  and  L 
.Jones,  Nathan  F.,  C  E  ,  Nonistown,  Pa    L 
Jones,  Owen,  I'n  Founder,  16th  and  Market  sts    L 
•Jones,  Owen,  Merchant,  200  Market  st    L 
Jones,  Warner  C,  Hardware,  2809  Girard  av    L 
Jones,    Washington,    Steam    Engineer,  Richmond 

and  Ball  sts    L 


Jordan,  John,   Jr.,  Merchant,  Historical   Society, 

Spruce  above  8th  st    L 
Justi,  Henry  D.,  Dentist,  516  Arch  st    C 
Justice,  Wm.  W.,  122  S.  Front  st    C 

Kaighn,  Robert,  Bricklayer  and  Builder,  Camden, 

N.J     C 
Kaighn,  Mary  M.,  Teacher,  1419  Walnut  st    C 
Kaiu,  Wm.,  Shoe  Mantif  r,  Beverly,  N.  J     C 
Keefer,  Wm.  W.,  1416  Chestnut  st.     In  trust   lor 

Wm.  B.  Keefer    1st 
Keeley,  Jerome,  Tin  Plate,  206  Walnut  Place    2d 
Keerl,  James  S.,  C.E.,  3313  Spring  Garden  st    C 
Kehfiiss,  Geo.,  Superintendent,  20tli  st  and  Wash- 
ington av    C 
Kelley,  Henry  H.,  Druggist,  1706  Green  st    L 
KeUy,  Wm.  D.,  Attorney  at  Law,  MjTtle  and   N. 

41st      L 
Kendall,  E.  0.,  Teacher,  University  Penna    C 
Kennedy,  R.  G.,  Architect,  735  Walnut  st    C 
Kennedy,  Elias  D.,  Broker,  308  Walnut  st    2d 
Kennedy,  John  M.,  1423  Arch  st    1st 
Kern,  John,  Draughtsman,  1015  Rate  st    L 
KetterUnus,  E.,  Printer,  N.  W.  4th  and  Arcli  sts    L 
Keyser,  Andrew  D..  Brick  Maker,  236  S.  20th  st    C 
Kiehner,  J.  T.,  Merchant,  812  E  York  st    C 
Kile,  John,  Pattern  Maker,  808  N.  17th  st    L 
Kilgore,  John,  House  Carpenter,  Wood  and  Juli- 
ana sts    L 
Killie,  John  T.,  1822  Green  st    1st 
King,  Thomas,  Cari>enter  st    L 
King,  Wm.  T.,  Clerk,  Camden.  N.  J     L 
Kinsey,  Wm.,  Jr.,  Morocco  Man.,  3d  and  Vine  sts  0 
Kirk,  J.  J.,  Clerk,  303  Walnut  st    1st 
Kirk,  Geo.  H.,  1528  Brown  st    1st 
Kirkbride,  Thos.  S.,  Physician.  44th  and  Haverford 

sts    C 
Kirkpatrick,  Alex.  E.,  Hide  Dealer,  3d  &  Vine  sts  C 
Kirkpatrick,  Jas  A  ,  Asst.  Sup't  Girard  Estate,  2014 

Vine  st    L 
Klapp,  Jos.,  Physician, '622  Spruce  st    L 
Klauder,  Jonn  H.  A  ,  Manufacturer,  333  Arch  st  0 
Kueass,  Napoleon  B.,  Saddle  Manf.,  2121  Columbia 

av    L 
Kneass,  Strickland,  Civil  Eng.,  "233  S.  4th  st    C 
Knight,  Daniel  R     L 

Knight,  E.  C,  Merchant,  1605  Chestnut  st    L 
Knight,  Hartley,  Merchant,  1222  Cliestuut  st    2d 
Knorr,  J.  Francis    L 

Koenig,  Geo.  A.,  Prof.  Chemistry,  3603  Atlanta  st  C 
Kramer,  Henry,  1345  Palmer  st    2d 
Krider,  Peter  L.,  Silversmith,  618  Chestnut  st    C 
Krumbhaar,  AJex.,  File  Manufactory,  1601  Spring 

Garden  st    C 
Kuhn,  Chas.,  Broker,  1712  Spruce  st    L 
Kuhn,  C.  Hartman,  Broker,  1712  Spnice  st    L 
Kuhn,  Hartman,  Jr.,  240  Walnut  st    L 

Lagomarsino,  A.,  Mfr.,  8th  and  Christian  sts    C 
Laing,  Henrj-  M.,  Shoe  Findings,  335  N.  11th  st    L 
Lamb,  Ridgway  H.,  Dentist,  512  N.  3d  st    C 
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Luu'.lHliii,  Jim.  1(.,  ArtUt,  12:^4  ChcMtnut  Ht    L 
Lambert,  Joliii,  Attorney,  420  Walnut  8t     L 
Lurgt!,  Duiiiul,  Engineer,  Poplar  al>  2il     L 
Larkins,  Frank  J.,  Kigfc'cr,  New  1*.  O.,  'Jl5  Chestnut 

St    C 
Lutiuior,  Thos.,  432  Liljrury  st    C 
Lawri.-,  C.  W.,  229  S.  lOtli  st    2il 
Lea,  Henry  C,  Pub.,  70C  Sansom  st     L 
Leij,  Isiuic,  Bookseller,  1022  Locust  st    L 
Lea,  M.  Carey,  Attorney,  426  Walnut  st     1. 
Lea,  Francis  U.    Ist 
Leavitt,  E.  D.,  M.E.     2a 
Le  Boutillier,  Hoberta,  Gemiantown     L 
Le  Conte,  Jolin,  Physician,  162o  Spruce  st     L 
Lee,  Geo.  Burtis,  533  N.  t;th  st    C 
Lee,  Geo.  F.,  Builder,  53:5  N.  0th  st    L 
Lee,  Thoe.  D.,  Grate  Maker,  329  S.  Broad  st    L 
Leeds,  Josiali  W.,  Real  Estate,  528  Walnut  st    2d 
Lefrance,  Eniile,  Prof.,  112  S.  17th  st    C 
Lojee,  Wm.  R.,  Broker,  ISlH  Walnut  st    L 
Leunig,  Chas.,  Wools,  112  S.  Front  st     L 
Lennig,  Eugene,  Chemist,  1300  Walnut  st    C 
Lenthall,  John,  C.E.,  Wiishington,  1).  C.     L 
Lesley,  Jos.,  Secretary,  2:J3  S.  4th  st    C 
Leufl'er,  A.  B.,  C.E.,  2030  Mt.  Vernon  st    C, 
Le  Van,  W.  B.,  Engineer,  3607  Baring  st    L 
Lever,  Jas.  S.,  Bookbinder,  46  X.  7th  st    C 
Levering,  W.  51.,  Draughtsman,  410  Walnut  st    2d 
Lewis.  A.  Nelson,  1314  Spruce  st    C 
Lewis,  Ed.  M.,  President,  427  Chestnut  st    C 
Lewis,  Enoch,  Purchasing  Agt.,  233  S.  4th  st    C 
Lewis.  Geo.  F.,  Plate  Printer,  33  S.  3d  st    L 
Lewis,  Henry  Carville,  East,  Washington  Lane,  Ger- 

mantown    L 
Lewis,  John  I.,  Merchant,  231  S.  Front  st    1st 
Lewis,  Wilfred,  Mechanic,  33d  and  Powel'u  av    2d 
Lewis,  W.  J.,  C.E.,  San  Francisco,  Cal.    L 
Lex,  J.  H.,  Secretary,  34  N.  5th  st    L 
Lightfoot,  Jesse,  Lawyer,  61   Harvey  st,  German- 
town    C 
Liuilsay,  R.,  Publisher,  52S  Franklin  st     L 
Linville,  J.   Hays,  Engineer  and  Architect,  218  S. 

4th  st    C 
Lipman,  H.  L.,  Stationer,  411  Walnut  st    C 
Lippincott,  .1.  Dundas,  509  S.  Broad  st    C 
Lippincott,  Howard  W.,  Broker,  202  Walnut  Place    C 
Lippincott,  C,  Manufacturer,  916  Filbert  st     C 
Lippincott,  Hilles,  Book-keeper,  920  Franklin  st    C 
Lippincott,  J.   B.,   Publisher,   717  Market  st     1st 

and  L 
Lippincott,  Josh.,  Jr.,  Clothier,  53S  N.  6th  st    C 
Littleton,  Wni.  E.,  514  Walnut  st    Ist 
Livesey,  John,  1123  Arch  st    1st  &  L 
Lloyd,  Mrs.  F.,  Teacher,  1015  Chestnut  st    C 
Longacre,  Matthias  K.,  Engraver  and  Lithographer , 

706  Chestnut  st    C 
Longstreth,  Ed.,  Macliiiiist,  500  X.  Broad  st    C 
Longstreth,  J.  Cooke,  Lawyer,  12.j  S.  7th  st    C 
Loper,  Capt.  R.  F.     L 
Lovering,  Jos.  S.  '  L 
Luder,  Thcs.  L.    L 


Lukeus,  Amos,  Blacksmith,  Plymouth  Meeting  P. 

O.,  Montgomery  co..  Pa.    L 
Lukens,  Daviil  L.,  Clerk,  HJOJ  Hamilton  st    2d 
Lukens,  Ja-s.  T.,  Dry  Goods,  531  Marshall  8t     L 
Lukens,  Jawood,  Iron  Mauufa<jturer,  Coushohocken, 

Pa.    C 
Luthy,  Otto,  Chemist,  451  X.  4th  st    C 
Lynn,  John  W.,  426  S.  Delaware  av    1st 
Lyon,  C.  Wesley,  Chemist,  215  S.  Front  st    C 

Maas,  Chas.  E.,  Engraver,  1619  Norris  st     L 
Maas,  Wm.  A.,  Printer,  1337  Mt.  Vernon  st    L 
MacCallum,  Hugh,  Machinist,  Gennantown    C 
MaoIIarg,  E.,  Teacher,  S.  W.  IGth  &  Spruce    C 
Magargee,  Charles,  Paper  Dealer,  6th' and  Jayne 

sts    L 
Magee,  Frank  U.,  1219  Arch  st    1st 
Magee,  James  B.,  1219  Arch  st    Ist 
Magee,  Michael,  Saddler    L 
Maloy,  Henry  W.,  1515  S.  5th  st    2d 
Marcy,  L.  J.,  Optician,  1340  Chestnut  st    C 
Maris,  John  M.,  Chemist,  711  Market  st    C 
Marks,  Wm.  D.,  Prof.,  University,  36th  and  Locust 

sts    C 
Marriner,  S.  B.,  Carpenter  and  Builder,  716  Cherry 

st    C 
Marshall,  Samuel  K.,  Machinist,  923  N.  Broad;st    C 
Martin,  Jas.,  Jr.,  Machinist,  1  Coombs  Alley    L 
Martiudale,  J.  C,  Cashier,  322  Penn  'st,  Camden 

X.J.    C 
Mason,  Jas.  S.,  Mfr.,  140  X.  Front  st    1st 
Mason,  Samuel,  220  S.  4th  st    L 
Massey,  W.,  Brewer,  10th  and  Filbert  sts    Ist 
Matlack,  J.  R.,  Phyiscian,  Race  &,  Chester  sts     L 
Matlack,  J.  David,  1057  Richmond  st    2d 
Matthieu,  J.  A.,  Chemist,  815  Broadway,  Camden, 

X.J.    2d 
Matthews,  W.  G.,  2022  Mt.  Vernon  st    1st 
Matthews,  Wm.,  2022  Mt.  Vernon  st    1st 
Maule,  E.,  Lumber  Dealer,  2500  South  st    C 
Megargee,  S.  J.,  Merchant,  20  S.  6th  st    C 
Megargee,  Theo.,  Paper  Mfr.,  20  S.  6th  st    C 
Melchor,  Martin  V.  B.    1st 
Mellor,  Alfred,  Chemist,  218  X.  22d  st    C 
Mellor,  Thos.,  Merchant,  Chelton  Hills,  Pa.     L 
Menamin,  S.  R.,  Publisher,  515  Minor  st    C 
Merrick,  J.  Vaughan,  Roxborough,  Phila.    1st  «fe  L 
Merrick,  Wm.  H.,  Machinist,  230  S.  3d  st    1st  &  L 
Mcrrihew,  James,  Telegrapher,  1001  Chestnut  st     C 
Mershon,  George  B.,  Heaters,  40  X.  12th  st    C 
Messchert,  M.  H.,  Lawyer,  1528  Arch  st    L 
Middleton,  C,  Iron,  2d  and  Willow  sts    L 
iliddleton,  C.  W.,  Iron,  945  Ridge  av    2d 
Middleton,  H.  W.,  Iron,  945  Ridge  av    2d 
Middleton,  Xathay    L 

Miller,  Adolph  W.,  Physician,  860  X.  5th  st    1st 
Miller,  D.  K.,  Lock  Mfr.,  720  Cherry  st    2d 
Miller,  Edward,  C.  E.,  240  Spruce  st    L 
Miller,  E.  W.,  Bookbinder,  1792  Vine  st    L 
Miller,  Frank  L.,  Engineer,  717  E.  Dauphin  st     (' 
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^Miller,  Jas.  H.,  Brass  Founder,  1028  Spring  Garden 

St     C 
Mills,  Chas.  K.,  Physician,  1502  Columbia  av    C 
Milne,  Caleb  J.,  Mfr.,  2030  Walnut  st    L 
Milne,  F.  F.,  1520  Arch  st    Ist 
Mingus,  P.  P.,  Blacksmith,  Cherry  cfe  Juniper  sta    L 
Minister,  Joe.  B.,  Color  Mixing,  18th  &  Washington 

av    C 
Missemer,  J.  H.,  Salesman,  808  Market  st    2d 
Mitchell,  J.  B.,  715  Market  st    1st 
aiitchell,  Jos.  E.,  Merchant,  310  York  av     C 
Mitchell,  Wm.  A.,  Merchant,  224  Federal  st  Cam- 
den, N.  J.    L 
Moody,  Edward  F.,  Camden,  N.  J.    L 
Moore,  Geo.  R.,  Minister,  1820  Cayuga  st    C 
lHoore,  Henry  D.     1st  &  L 

Moore,  Jas.,  Machinist,  ]  6tli  &  Buttonwood  sts    1st 
Moore,  Wm.  H.,  Undertaker,  1610  Arch  st    L 
Moore,  Wm.  J.,  Carpenter,  1719  S.  Blttenhouae  st    L 
Morgan,  Thos.  A.    L 

Morgan,  Wm.,  Gentleman,  410  N.  11th  st     C 
Morrell,  D.  J.,  218  S.  4rtli  st    Ist 
Morris,  Daniel  J.    Ist  and  L 
Morris,  Henry,  207  Spruce  st    L 
Morris,  Henry  G.,  Iron  Manufr,  5th  and  Washing- 
ton av    L 
3Iorri8,  Israel,  1608  Market  st    1st 
Morris,  Israel  W.,  238  S.  3d  st    C 
Morris,  J.  Cheston,  Physician,  1514  Spruce  st    C 
Morris,  Wistar,  3d  and  Walnut  sts    L 
Mortimer,  Chas..  Copper  Plate  Pr't'r,  297  Vine  st    L 
Morton,  Prof.  Henry,  President.  Hoboken,  N.  J.    L 
Morton,  Rev.  Henry  J.,  909  Clinton  st    1st 
Moss,  Theodore  F.,  Mining  Eng.    L 
Muckle,  Alex.,  Chemist,  1321  N.  19th  st    C 
Muckle,  M.  R.,  General  Manager,  600  Chestnut  st   C 
Murphy,  Wm.  C,  Painter,  181  S  2d  st    L 
Murphy,  Wm.  R.,  Attorney  at  Law,  130  S  6th  st    C 
Murray,  Chas.  W.,  Stereotyper    L 
Murray,  Matthew,  Machinist    L 
Murray,  Peter,  Founder,  2214  Brandywine  st    C 
Murray,  Samuel  A.,  Jr.,  1711  Fairmount  av    C 
Murta,  John  P.,  Accountant,  249  S.  8th  st    L 
McAllister,  F.  W.,  56  Lexington  st.,  Baltimore,  Md. 

C. 
McAllister,  W.  Mitchell,  Optician,  728  Chestnut  st 

L 
Mc.Vlpine,  Daniel,  Machinist,  1422  N.  ISth  st     C 
McArthur,  John,  408  S.  Broad  st    L 
McArthur,  John,  Jr.,  Architect  Public  Buildings, 

Broad  and  Market  sts    C 
McCall,  Peter,  Attorney  at  Law,  224  S.  4th  st    C 
McCambridge,  Richard,  Brass  Founder,  527  Cherry 

st    C 
McCambridge,  S.,  Saddler,  523  Cherry  st    C 
McCaffrey,  Hugh,  File  Manufr,  1736  N.  4th  st    C 
McCaffrey,  John,  File  Manuf'r,  1615  N.  4th  st    C 
McCahan,  Jas.  M.,  1813  S.  2d  st    C 
McCarter,  Wm.,  Painter,  1515  S.  6th  st    C 
McCausland,  Wm.  J.,  Manufr,  132  Market  st    C 
McClure,  John,  Builder,  21  S.  16th  st    L 


McCollin,  Jas.  G.,  1000  Hamilton  st    2d 

McCollin,  Thos.  H.,  Photographic  Supplies,  624  Arch 
st    C 

McCoUom,  T.  C,  C.  E.,  1811  Lee  st    C 

McComb,  Arthur  M.,  Superintendent,  4406  Frank- 
ford  av    C 

McConn,  John,  Inventor,  920  Walnut  st    C 

McConn,  Wm.  S.,  Steam  Heaters,  920  Walnut  st    C 

McCowan,  John    L 

■McCurdy,  John  B.,  Manufr,  116  Arch  st    L 

McCutcheon,  W.  H.,  Oil  Cloth,  418  Arch  st    C 

McDowell,  John,  Carpenter,  626  Filbert  st    C 

McElroy,  A.  C,  1413  S.  4th  st    2d 

McFadden,  Wm.  H.,  C.  E.,  13th  and  Spring  Garden 
sts    2d 

Mcllhenny,  John.    Ist 

Mcllvaine,  A.  Robinson,  Drug  and  Sjnce  Mill,  15tli 
and  Hamilton  sts    L 

Mclnnes,  J.  T.,  Lime  Merchant,  9th  below  Master 
st    C 

Mcllvaine,  Wm.    L 

BIcIntyre,  C,  House  Carpenter    L 

McKay,  Angus,  Planter,  Queensland,  Australia     < ' 

McKean,  W.  V.,  Manager  IWlic  Ledger,  6th  and 
Chestnut  sts    C 

McKinley,  Beuj.  B.,  Teacher,  425  S.  16th  st    L 

McMurray,  Andrew  S.,  Physician,  325  Pine  st    L 

Naylor,  Jacob,  Iron  Founder,  Front  &  Girard  av    L 

Neal,  Wm.,  536  N.  7th  st    L 

Needles,  Samuel  H.,  JIanuf  r,  :i37  S.  5th  st    C 

Xegus,  J.  Eugle,  Merchant    L 

Nelms,  Henry,  Gold  Beator,  46  N.  7th  st    L 

Neumann,  Joseph,  Manufr,  919  Race  st    2d 

Neyil,  Wm.,  H.,  Morocco  Manuf'r,  144  Margaretta 

st    C 
Newbold,  J.  S.,  Merchant,  719  Pine  st    L 
Newbold,  T.  M.,  Druggist,  105  S.  4l8t  st    2d 
Nowhall,  George,  528  Spruce  st    C 
Xewhall,  G.  M.,  Sugar  Refiner,  225  Church  st    i 
Xewlin,  John  S     L 

Newman,  John  S.,  Jeweller,  433  Green  st    C 
Nicholson,  C.  L.,  Lumber,  N.  W.  7th  and  Carpenter 

sts    L 
Nicholson,  Jos.,  808  N.  16th  st    C 
Nicholson,  Richard  L    L 
Norris,  Charles,  1925  Spruce  st    L 
Norri-",  George  L.,  1829  Memphis  st    C 
Norris,  Isaac,  Lawyer,  617  Walnut,  st    C 
Norris,  I.,  Jr.,  Physician,  1424  Walnut  at    l.sl 
Norris,  Richard     1st 

Norris,  Thaddeus,  Engineer,  229  S.  18th  st     l.<t 
Nugent,  E.,  Druggist,  18  N.  Front  st    C 
Nystrom,  J.  W.,  C.  E.,  1010  Spruce  st    L 

Oat,  G.  R.,  Coppersmith,  1307  Arch  st    C 
Oat,  Jos.,  Coppersmith,  232  Quarry  st    C 
O'Bryan,  J.  Duross,  Atty  at  Law,  213  S.  6th  st     C 
Odenatt,  W.  H.,  Millwright,  1527  Savery  st    C 
O'Driscoll,  C.  F.,  Stereotype  Founder    L 
Oesterie,  H.  6.,  848  N.  6th  st    L 
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Ui'^torle,  P.,  Draughtsman,  'J32  Quarry  st    0 
Og.lou,  Ricira  I.,  Slanurr,  I'luftliall  hi,  ■lHU  Ward   C 
Olilucli,  Frixlerjck,  IVxikliindor,  lU  S.  7th  at     C 
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loco:motiye  spark  arresters. 


By  J.  SxowDEX  Bell, 
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The  spark  aiTL'Sler,  althoiiirli  '"ne  of  the  carlie.-^t  of  the  numerous 
improvements  wliich  have  contributed  to  the  advancement  of  Ameri- 
can  locomotive  engineering,  has,  as  yet,  failed  to  attain  a  degree  of 
jierfection  commensurate  with  that  of  many  constructive  details  of 
later  origin.  While  from  its  earliest  period  to  the  present  it  has 
received  continued  attention,  and  has  probably  been  the  subject  of 
more  experiment  and  inventive  effort  than  any  other  adjunct  of  the 
locomotive,  the  variations  in  the  present  practice,  which  will  be  obvi- 
ous to  even  an  unskilled  observer,  show  clearly  that  the  standard  has 
not  yet  been  arrived  at.  The  boilers,  frames,  cylinder  attachment 
and  valve  gearing  of  different  builders  have  been  reduced  to  uni- 
formity in  all  substantial  particulars,  but  there  is  a  considerable  range 
of  difference  in  the  construction  of  spark  arresters. 

As  preliminary  to  a  review  of  the  history  and  present  development 
of  locomotive  spark  arresters  it  may  be  remarked,  that  to  constitute  a 
perfect  one,  there  would  be  required  a  device  which  would  offer  no 
impediment  to  the  draught,  and  at  the  same  time  completely  bar  the 
Whole  Xo.  Vol.  CIX.— (Third  Series,  Vol.  Ixxii.)  1 
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e.st';i|H'  of  iiiicoiisiuiK'tl  fuel  from  tlie  stack.  Tliis  lias  uevt-r  yet  been 
produced,  and  so  far  as  the  ])reseiit  system  of  locomcjtive  boiler.-  is 
couccrncd,  doubtle.s,^;  never  will  l)e,  the  conditions  being  too  directly  at 
variance  to  render  it  po.ssible  for  l)Otli  of  them  to  be  satisi'actorily 
compHed  with.  C'oni])aratively  few  of  the  results  of  the  efibrts  made 
in  thi.s  direction  have  survived  the  tests  of  practical  operation,  and  it 
c^uinot  l)e  said  of  any  of  them  that  it  is  entirely  free  from  objection, 
or  so  nearly  adapted  to  the  requirements  of  successful  performance  as 
to  either  merit  or  receive  general  acceptance  as  an  ajjproximately  per- 
fect api>aratus. 

The  spark  arrester  is  peculiarly  an  American  institution,  and  pos- 
sesses but  little  practical  value  beyond  that  derived  from  .\-merican 
practice.  Nearly  twenty  years  ago  a  suit  was  brought  against  M.  \s' . 
Baldwin  cV:  Co.,  the  Philadelphia  locomotive  builders,  by  David  Mat- 
thew, for  infringement  of  patents  granted  him  for  spark  arresters,  and 
as  a  part  of  their  defence,  Messrs.  Baldwin  tVr  Co.  prepared  a  drawing 
showing  57  different  form.a  of  locomotive  stacks  and  spark  arresters 
which  had  been  used  or  patented  prior  to  1858.  Tiiis  drawing,  which 
it  is  believed  lias  never  been  published,  fully  exemplifies  the  state  of 
the  art  up  to  and  at  that  time,  and  although,  owing  to  the  fact  that  the 
suit  was  not  prosecuted,  the  dat^s  of  the  different  constructions  shown 
were  not  authenticated  by  testimony,  it  will  be  found  to  possess  much 
interest  for  those  who  may  desire  to  investigate  early  practice  in  this 
direction. 

The  late  Zerah  Colburn,  writing  in  1860,  says  that  the  necessity  for 
spark  arresters  arose  with  the  introduction  of  wood  burning  locomo- 
ti\-es  in  1830,  and  it  is  probable  that  abour  that  time  they  were  first 
a})plied,  in  the  form  of  a  M'ire  netting  cap  placed  over  the  top  of  the 
smoke  stack.  The  earliest  record  which  we  have  been  able  to  discover 
is  the  U.  S.  patent  granted  to  James  P.  Espy,  of  Philadelphia,  June 
29th,  1833,  a  description  and  illustration  of  tT-'hich,  accompanied  by 
certificates  of  its  successful  performance,  may  be  found  in  the  Jour- 
nal OF  THE  Franklix  Ixstitute,  vol.  12,  new  series,  1833,  pp.  418- 
421.  Espy's  "draft  generating  chimney  cap,"  as  he  termed  it,  was 
designed  for  steamboats  as  well  as  locomotives,  and  was  merely  a  cap 
pointed  or  inclined  at  its  front  end  and  kept  to  the  wind  by  a  vane, 
in  the- manner  of  an  ordinary  chimney  caj) ;  its  opening  was  covered 
by  a  sheet  of  fine  wire  gauze.  Espy's  cap  is  shown  in  Fig.  1.  The 
specification  states  that  it  "affords  a  very  free  egre.ss  to  the  gases  whilst 
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Fig.  1. 


it  completely  stops  the  sparks,"  and  the  engineer  of  Mr.  Baldwin' 
locomotive  engine  (on  the  Philadelphia  and  Germantown  Railroad) 
certifies  that  "  with  a  wire  gauze  so  fine  that  the 
head  of  a  pin  could  not  go  through  the  meshes, 
which  was  quite  too  fine,  it  eifectually  stopped  the 
sparks  without  diminishing  the  draft,  and  in  some 
cases  it  even  increased  it,  as  by  opening  the  door  to 
]>ut  in  wood  the  flame  did  not  come  out  as  it  did 
])reviously  in  similar  circumstances."  Notwithstand- 
ing these  remarkable  statements  as  to  its  virtues, 
which,  upon  this  showing,  were  certainly  very  much 
superior  to  those  of  any  we  now  know  of,  Espy's 
draft  cap  had  but  a  brief  existence,  and  is  not  even 
honored  with  a  position  in  the  Baldwin  drawing 
before  referred  to. 

Succeeding  Espy's  will  be  found  several  j)atented 
inventions,  dating  from  1834  to  1836,  none  of  which 
<'ame  into  use  to  any  extent  nor  ])ossess  points  that 
have  been  embodied  in  later  practice.  Passing 
these  as  merely  unsuccessful  speculations,  we  find 
the  elements  of  the  type  of  spark  arresters  which  has  met  with  most 
general  acceptance  in  the  United  States,  in  the  so-called  "bonnet  pipe," 
in  which  an  inverted  cone,  turned  downwards  at  its  outer  edge  and 
])laced  over  the  mouth  of  the  stack,  deflected  the  sparks  and  cinders  into 
n  surrounding  casing,  while  the  smoke  and  gases  escaped  through  a  win- 
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netting  or  "bonnet,"  covering  the  wide  top  of  the  outer  casing.  The 
invention  of  the  bonnet  pipe  is  claimed  by  Colburn  for  AVm.  T.  James, 
of  New  York,  in  an  engine  placed  by  the  latter  on  the  Baltimore  and 
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Ohio  Railroad  in  18.">.'}  [Recent  Pracfice  in  the  Locomotive  EnffinCy. 
1».  Oit),  but,  a.s  o.xliibited  in  the  Baldwin  drawiii}^,  dates  from  1834,  and 
is  tu  he  credited  to  Isaac  Dripps,  then  master  mechanic  of  the  Camden 
and  Aml)«>y  Railroad;  Xo.^.  S  and  9  of  the  drawin*:;,  whicli  are  here- 
r(|»n)du('ed  in  Fig;.  2,  each  showinj^  a  crude,  although  not  impractica- 
l»U',  form  of  the  combination  of  the  deflector,  netting,  inside  pii)e  and 
outer  casing-.  C'olburn  {The  Engineer,  Philadelphia,  1800,  p.  1'37) 
ivfers  to  "the  cone  and  netting  pipe  made  by  Isaac  Dripps  in  1835,. 
and  patented  by  him  in  1837."  The  latter  statement  is,  however^ 
erroneous,  as  no  spark  arrester  was  patented  by  Mr.  Dripps  at  that  or 
any  other  time.  Different  forms  of  the  bonnet  pipe  were  patented  by 
Dnif(1837)  and  Briscoe  (1838),  and  in  Locomotives  and  Jjocomotive 
BuHdiny,  published  by  the  Rogers  Locomotive  and  Machine  AVorks,. 
1870,  it  is  stated  (p.  9),  referring  to  the  engine  "Sandusky,"  built  hy 
Rogers,  Ketchum  &  Grosvenor,  and  first  run  October  0th,  1837:  "  t he- 
smoke  pipe  was  of  the  bonnet  kind,  having  a  deflecting  cone  curled 
over  at  the  edges  in  its  centre,  so  as  to  deflect  the  sparks  downward^ 
and  thus  prevent  their  pa.ssing  through  the  wire  bonnet,  as  well  as 
preventing  the  bonnets  wearing  out  too  fast."  Numerous  unimport- 
ant variations  of  the  bonnet  pipe  succeeded  the  original  examples  of 
Dripps  and  Rogers,  and  it  reached  its  latest  form,  known  as  the  "Yan- 
kee" stack,  about  1841.  As  exemplified  in  the  Mason  engines  of 
lSo7  (Fig.  3),  it  is  still  extensively  used  for  Avood  burning  engines,, 
but  in  bituminous  coal  burners  has  given  place  generallv  to  the  modi- 
fication usually  termed  the  "diamond"  stack  (Fig.  4),  in  Avhich  the- 
cone  and  netting  are  retained  and  the  outer  casing  reduced  in  dimen- 
sions. The  diamond  .stack,  with  various  modifications  of  detail,  is  in, 
use  to  a  greater  extent  than  an\'  other  at  the  present  time. 

A  form  of  the  bonnet  pipe  patented  in  the  United  States  by  AV.  T.. 
James,  April  13th,  1838,  having  a  series  of  curved  discharge  passages 
untler  the  central  deflector  (afterwards  Aibodied  in  the  French  and 
Baird  .stack,  1842,  and  the  Radley  and  Hunter,  1850),  was  adopted 
by  constructors  in  Austria  and  Germany,  and  is  shown  in  the  drawings 
of  the  engines  oflered  for  comj)ctition  in  the  experiments  upon  the 
Semmering  incline  of  the  Vienna  and  Trieste  Railway,  in  1852  {Die 
Lokomotive  der  Staats  Eiscnbahn  liber  den  Semmering,  AVien,  1854, 
Bl.  -XYI,  XXI).  In  European  treatises  of  much  later  date  than  the 
James  patent,  it  will  be  found  described  as  a  German  invention,  and 
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is  termed  "Klein's  apparatus"  {appareil  cle  Klein).    It  was,  moreover, 
patented  in  England  by  one  Charles  Cowper,  in  1851,  Xo.  13,705. 


Fig.  3. 


Fiff.  4. 


The  principle  of  the  bonnet  pipe  was  preserved  and  employed  under 
various  modifications,  from  its  conception  by  Dripps,  in  1834,  to  the 
diamond  stack  of  to-day,  and  among  its  various  forms,  one  which 
found  considerable  favor,  and  is  still  in  use,  is  that  designed  by  John 
P.  Laird  for  the  Pennsylvania  Railroad  about  1861  (Fig.  5),  in  which 
the  reduction  of  the  size  of  the  outer  casing  appears  to  be  the  distin- 
guishing feature. 

Returning  to  the  order  of  dates,  the  next  spark  arrester,  which, 
.after  the  invention  of  the  bonnet  pipe,  appears  worthy  of  notice,  is 
that  of  William  Schultz,  of  Philadelphia,  patented  March  31,  1830 
(Fig.  6).  This  may  be  described  as  in  the  form  of  the  present 
diamond  stack  inverted,  with  its  deflector  removed  and  the  exhaust 
nozzles  pa.ssing  through  the  netting.  Schultz's  stack  Avas  used  on  the 
Philadelphia  and  Columbia  Railroad,  and  some  of  them  were  to  be 
seen  there  up  to  the  time  that  the  road  came  into  the  posse.ssion  of  tlie 
Pennsylvania  Railroad  Company. 
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Longniire  and  Brooke,  of  Philadelphia,  in  ISiO,  proposed  to  pre- 
vent the  escape  of  sparks  from  locomotives  by  carrying  them  into  the 
tish  pan.  Their  plan  contemplated  extending  the  exhanst  pipes  down- 
rcard  into  a  tine  [)assing  horizontally  nnder  the  boiler,  into  or  below 
the  ash  pan,  "  so  as  to  cause  the  sparks,  with  the  waste  steam  and  the 
gaseous  products  of  combustion,  to  be  discharged  into  a  compartment 
prepared  therefor,  or  into  the  ash  pit,  allowing  their  final  exit  to  be 
downwards,  or  on  or  towards  the  ground."  It  is  probably  needless  te- 
state that  if  this  apparatus  worked  on  j)aper  it  would  not  on  a 
railroad,  and  it  has  not,  like  some  other  impracticable  sugges- 
tions, been  periodically  re-invented.  Ln  the  latter  respect,  however,  it 
differed  from  the  "  spark  extinguisher"  of  David  Ritter,  patented 
November  26,  1840,  which  is  noticed  here  only  for  the  benefit  of  the- 
inventor  who  may  be  so  unfortunate  as  to'develop  the  ideji  tliat  he  can 
carry  the  sparics  and  cinders  through  a  horizontal  pipe  leading  from, 
the  stiick  over  the  top  of  the  train  and  discharge  them  at  the  rear  end. 
Numerous  patents  have  been  granted  since  that  of  Ritter,  for  inven- 
tions embodying  the  same  principle,  none  of  which  appear  to  have 
made  any  practical  record. 

In  the  Farrand  spark  arrester,  patented  August  19,  1873,  which  is 
shown  in  Fig.  7,  the  cinders  are  claimed  to  be  separated  by  curving 
the  top  of  the   stack  forward   and  downward    into  a  chamber  from 
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wliieh  the  smoke  and  gases  escape  through  two  short  vertical  discharge 
flues,  while  the  cinders  may  be  returned  to  the  fire  box.  This,  like 
the  Stevens  stack  of  1876,  is  substantially  a  reproduction  of  the  prin- 
(•ij)le  of  W.  S,  Montgomery's  spark  extinguisher,  patented  July  28, 

IS.'JS. 


F\ic. 


Fis:.  8. 


The  Hughes  sj)ark  arrester  (Fig.  8),  patented  September  16,  1873, 
iias  been  found  to  work  well  on  anthracite  coal  burning  eugiues.  Its 
features  are  a  deflector  composed  of  a  central  disk  with  two  separate 
I'ings  of  greater  diameter  above  it,  and  an  ui)per  supplemental  cone 
which  can  be  adjusted  in  position  to  vary  the  draught. 

In  each  of  the  several  devices  thus  far  referred  to  it  will  be  noticed 
that  the  apparatus  by  which  the  sparks  and  cinders  are  to  be  separated 
from  the  smoke  and  gases  is  located  in  or  connected  with  the  stack. 
We  shall  now  examine  a  different  class,  which,  though  not  of  recent 
<»rigin,  has  of  late  years  been  revived  and  made  the  subject  of  strong 
claims  as  to  its  merit  and  utility,  namely,  that  in  which  the  separating 
and  arresting  apparatus  is  located  either  wholly  or  partially  in  the 
smoke  box.  This  we  may  not  unreasonably  expect  to  find  as  an 
adjunct  to  English  practice,,  in  which  the  adoption  of  American 
iinprovements  has  been  more  limited  and  tardy  than  on  the  Continent 
of  Europe.      The   English   patents  of  Samuel   Hall,  No.  8792,  Jan. 
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Fig.  9. 


14,  1«41,  and  No.  9345,  May  9,  1842,  show  the  earliest  smoke  box 
(lefleetors  we  have  been  able  to  discover ;  the  same  being:  iii  the  form 
of  a  )>('rf(jrated  metallic  plate,  passinju^  around  and  above  the  front  ends 
of  the  tubes,  and  havinti;  the  exhaust  pipe  carried 
throu*»;h  it  into  a  straight  open  stack,  as  shown 
in  Fi<«-.  9.  A  horizontal  perforated  deflector 
]>laced  across  the  smoke  box  above  the  toj)  row  of 
tubes,  as  used  by  Hovey  and  others  in  the  United 
States  in  1863,  was  patented  in  England  by  AVm, 
Geo.  lieattie,  March  5,  1864,  Xo.  559. 

In  the  Baldwin  drawing  of  1860,  the  sketch 
numbered  45,  representing  a  construction  of  East- 
wick  &  Harrison,  of  Philadelphia,  dated  1840, 
shows  a  cylinder  of  wire  netting  connecting  the 
series  of  separate  exhaust  nozzles  with  the  bottom 
of  the  inside  smoke  stack,  about  one-half  of  the 
cylinder  being  located  in  the  smoke  box.  The 
usual  upper  netting  or  bonnet  extends  over  tlie  top 
of  the  outer  casing.  We  can  find  no  record  of  the 
})erforraance  of  this  apparatus,  which  proljably 
failed  by  reason  of  offering  too  great  an  impedi- 
ment to  the  draught. 
11.  A.  A\'ilder,  Engineer  and  Superintendent  of  the  Mine  Hill  and 
Schuylkill  Haven  Railroad,  next  ajjpears  in  this  category,  as  the 
inventor  of  a  perforated  truncated  cone  of  wire  netting,  extending 
from  the  nozzles  of  the  exhaust  pipes  to  a  point  above  the  base  of  the 
stack,  and  designed  to  intercept  the  sj)arks  and  cinders  while  giving 
passage  to  the  lighter  products.  This  he  patented  in  1854,  in  a  com- 
bined feed-water  heater  and  spark  arrester,  which  was  used  on  the 
anthracite  coal  burning  engines  of  the  Mine  Hill  and  Schuylkill 
Haven  and  other  roads.  An  illustration  and  description  of  the  M'ilder 
stack  will  be  found  in  the  Jouexal  of  the  Fraxklix  Institute, 
Vol.  33,  3d  series,  1857,  p.  414,  and  it  is  shown  in  the  accompanying- 
Fig.  10,  as  applied  to  the  Baldwin  eight-wheel  connected  engine, 
"  Xo,  29,"  of  the  Mine  Hill  road,  from  an  article  upon  which,  by 
Colburn,  in  the  Engineer  (Philadelphia),  of  October  18,  1860,  p.  77, 
we  make  the  following  extract,  which  clearly  describes  it : 

"  The  smoke  box  is  made  of  f-inch  iron,  and  supports  a  heater, 
spark  arrester  and  chimney  of  peculiar  construction.    A  tapering  pipe. 
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of  coarse  wire  cloth,  21  inches  in  diameter  at  the 

top,  10  inches  diameter  at  the  bottom,  and  3  feet 

6  inches  high,  descends  10  inches  below  the  toj)  of 

the  smoke  box.     The  exhaust  pipes,  with   nozzles 

3i  inches  diameter  each,  come  up  to  and  enter  the 

bottom  of  this  pipe,  which  is  otherwise  clo.sed  by 

a  ])\ate  of  perforated  iron.      The  heated  air  and 

sparks  ascend  around    this  netting  pipe,  which  is 

surrounded  at  a  distance  of  6   inches  by  an   outer 

casing  of  stiff  iron,  and  which  is  thus  about  33 

inches    in    diameter   at    the  top,  30    inches    high 

above  the  smoke  box  and  24  inches  diameter  at 

the  bottom.      The  fine  coal  carried  through  the 

tubes  is  thrown  down  by  the  meshed  sides  of  the 

netting  pipe,  the  ])roducts  of  combustion  passing 

through    and    up  through    a    straight   op,en    pipe 

14}  inches  in  diameter  above.      ***** 

Tiie  spark  arrester  has  been  described,  but  it  should  be  said  that  the 

fine  coal  and  sparks  thrown  down  by  the  nearly  vertical  sides  of  the  wire 

netting  pipe,  drop  througii  a  large  opening  in  the  bottom  of  the  smoke 

box,  and  into  a  large   iron  spark  box  beneath.     This  box  is  cast  very 

heavy,  and  is  really  the  bed  plate  of  tlie  cylinders,  broad  flanges  on 

which  are  strongly  bolted  to  its  sides.     In  the  bottom  of  this  .spark 

box  or  hollow  bed  plate  is  a  valve  through  which  its  contents  may  be 

di.seharged  at  pleasure  upon  the  track." 

Wilder's  engines  had  long  exhaust  pipes  and  no  draft  or  lift  pipe», 
as  in  the  universal  English  practice,  and  a  perforated  cone,  identical 
in  principle  with  his,  was  patented  in  England  by  AV.  G.  Beattie, 
March  5th,  1864,  No.  559,  and  C.  Moriarty,  September  10th,  1864, 
No.  2219,  the  latter  forming  his  of  "stretcher  rods"  of  iron  wire 
instead  of  the  usual  netting.     Beattie's  cone  is  shown  in  Fig.  11. 

E.  May,  of  Boston,  patented  a  cylinder  of  wire  netting,  extending 
from  the  exhaust  pipes  to  the  stack,  July  28th,  1857,  and  A.  S.  Sweet, 
Jr.,  of  Detroit,  patented  double  cylindrical  deflectors  on  a  similar 
principle  June  23d,  1863,  after  which  nothing  more  appears  to  have 
Ibeen  done  in  this  direction  until  1870,  \vhen  the  Wilder  perforated 
•cone,  "in  combination"  with  the  ordinary  American  draft  pipe,  used 
for  a  long  time  theretofore  with  short  exhaust  nozzles,  was  again 
patented  in  the  United  States  by  James  Smith,  and  has  been  adopted 
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a>  ;i  >t;iii(l;inl  lor  ilicir  |):is.seii<rer  en<;iiU'.s  l)y  the  IVmisylvaiiia  Kiilroad 
Coiiipany,  using  l)i»tii  aiitliracitc  and  hituniinoiLS  coal,  and  by  .several 
other  roads  Inirninii-  antliracite  exclusively.  Fit;.  12,  from  Tlir  Pena- 
■'^fllnui'ui  lidi/rodd,  by  James  Dredj^e,  London,  ISTIJ,  sho\v.s  the  .Smith 
stai-U  as  used  on  the  Pennsvlvania  Railroad  and  brandies. 


Fisr.  lU 


Kitr.  1: 


The  i)ert'orated  cone  po.s3e.sse.s,  in  principle,  no  advantage  over  the 
diamond  stack,  beyond  the  poss^ibiHty  of  obtaining  a  larger  amount  of 
separating  surface,  and  so  far  iis  the  use  of  bituminous  coal  is  con- 
cerned, the  Smith  spark  arrester  does  not,  in  practice,  exhibit  any 
material  reduction  in  the  amount  of  cinders  and  sparks  expelled,  as 
compared  with  a  bonnet  or  diamond  stack  of  the  average  construction. 

Our  history  may  be  (dosed  with  a  notice  of  the  Hovey  spark 
arrester,  tlie  latest  form  of  which  has  Hbeen  within  a  few  years  past 
introduced  on  the  Xew  York  and  New  Haven  Railroad,  and  the  dis- 
tinguishing characteristic  of  which  Ls  a  longitudinal  extension  of  the 
smoke  box,  to  form  a  spark  receptacle,  and  the  use  of  deflectors 
between  the  tube  ends  and  lower  opening  of  the  stack.  A  smoke  box 
extended  forward  of  the  stack  was  patented,  as  a  spark  arrester,  by 
.UAm  Thomp.son,  of  Boston,  ]May  29th,  1860,  upon  the  theory  that  the 
-parks '\vould  ''pass  out  of  and  beyond  the  current  of  smoke,  so  as  to 
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be  deposited  in  the  box  by  the  action  of  gravity  and  not  carried  up 
the  chimney."  A  very  brief  consultation  M'ith  any  experienced  loco- 
motive fireman  might  have  led  Mr.  Thomp.son  to  the  knowledge  that 
sparks  will  not  behave  in  this  accommodating  manner,  and  an  investi- 
gation of  authorities  on  boiler^engineering  would  have  taught  him  the 
fallacy  of  increa.sing  the  dimensions  of  the  smoke  box  where  economy 
in  the  consumption  of  fuel  is  to  be  kept  in  view.  His  plan  never 
received  acceptation  from  its  manifest  impracticability,  but  an  attempt 
to  improve  it  was  made  by  Jacob  Hovey,  at  the  time  master  mechanic 
of  the  Cleveland  and  Pittsburgh  Railroad,  who  added  to  the  Thomp- 
son extended  smoke  box,  horizontal  deflectors,  placed  above  the  ui)i)cr 
row  of  tubes,  patented  the  arrangement  April  7th,  1863,  and  plaicd  it 
uj)on  a  number  of  engines  on  the  Cleveland  and  Pittsburgh  Kaih'oad. 
The  accounts  of  its  performance  on  that  road  were  eminently  unsatis- 
factory, engines  failing  for  steam  and  smoke  boxes  sometimes  becom- 
ing red  hot  in  parts  from  the  ignited  cinders  with  which  they  were 
partly  filled,  and  ',the  a])))aratu-!  was  permanently  abandoned  by  the 
Cleveland  and  Pittsburirh  Railroad.     Since  the  earlv  and  unsuccessful 
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efforts  of  Hovey,  the  extended  smoke  box  system  has,  from  time  to 
time,   been   taken   up  by   other  parties,  and   has  cidminated   in   the 
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arrani^enient  lulopU-d  \>y  tin;  Xt-w  York  mid  Xiw  J  la  veil  Ruilro;i<l, 
-liowii  ill  Fi'ir.  1.'^,  ill  whicli  a  vertical  .<lieet  iron  deflector  is  placed  at 
a  distance  of  about  nine  inches  in  front  of  the  Hue  head  and  extends 
to  :i  point  about  twelve  inches  al)ove  the  bottom  of  the  smoke  box. 
Tiiis  deflector  is  j)erforated  only  for  a  short  distance  al)ove  its  lower 
>ide,  and  a  horizontal  imperforate  dcHector  extends  from  the  flue  head 
to  a  point  a  few  inches  in  advance  of  the  long  exhaust  nozzle  which 
passes  tiirough  it.  A  .sheet  of  wire  netting  extends  from  the  front  of 
the  horizontiil  deflector  to  or  near  the  front  end  of  the  smoke  box,  the 
interstices  of  which  netting  form  the  exit  openings  for  the  products  of 
<'ombustion  pa.ssing  to  the  stack. 

R.  Hill,  in  1873,  patented  a  vertical  imperforate  deflector  and  net- 
ting in  the  ordinary  smoke  box,  and  S.  A.  Hodgman,  in  1874,  a  per- 
forated plate  in  front  of  the  flue  head,  with  a  hinged  damper  on  its 
lower  side.  The  employment  of  Hill's  deflector,  which  has  been 
t-mbodied  in  the  extended  smoke  box  arrangement,  as  shown  in  Fig. 
l->,  is  ap[)arently  ad\'antageous,  and  if  such  a  deflector  was  combined 
with  a  smoke  box  of  normal  dimensions  and  a  spark  arresting  stack, 
iill  the  benefits  of  the  extended  smoke  box  plan,  if  any  there  are, 
would  be  retained.  Such  an  arrangement,  however,  does  not  appear 
to  have  been  put  in  practice,  and  in  the  only  use  that  has  so  far  been 
made  of  the  deflector,  its  value  is  practically  destroyed  by  the 
taidtiness  of  a  construction  with  whicli  it  has  no  leo-itimate  con- 
nection. 

From  the  preceding  retrospect  of  the  history  of  the  locomotive 
-<j»ark  arrester,  in  which  we  have  attempted  to  sketch  merely  a  few 
leading  features  which  have  characterized  its  })rogress  from  its  prinii- 
tive  form,  that  of  a  grating  or  netting  placed  over  the  top  of  the  stack, 
to  the  present  jir'actice,  the  latter'  may  be  divided  into  three  general 
classes :  the  bonnet  pipe,  as  mcxlernized  into  the  diamond  stack ;  the 
^^'ilder  perforated  cone,  and  the  extencKd  smoke  box  ^vitli  its  inside 
deflectors.  E  ich  of  these  has  its  advocates,  and  each  is  sufficiently 
open  to  objection  to  demand  a  continuance  of  experimental  research  by 
designers  and  constructors  of  locomotives.  The  defects  of  the  first 
two  systems  are  those  which  are  inseparable  from  the  impossibility  of 
reconciling  perfectly  the  two  directly  conflicting  conditions  which 
necessarily  obtain  in  any  and  every  spark  arrester,  but  tlio.se  of  the 
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third  embrace  in  addition  a  radical  error  of  principle  and  practical  dis- 
advantages which  combine  to  more  than  neutralize  anv  merit  it  mav 
be  claimed  to  possess.  In  the  formation  of  this  opinion  the  writer  ha* 
Ijcen  o-overned  as  well  bv  the  dicta  of  acknowledojed  authorities  as  l)v 

o  ♦  CD  » 

his  own  observation  of  the  operation  of  the  long  smoke  box,  and  if 
the  expression  of  his  views  should  succeed  in  eliciting  evidence  that 
lie  is  incorrect,  another  step  Avill  have  been  attained  towards  directing 
the  eiforts  of  locomotive  engineers  to  produce  a  practically  perfect 
spark  arrester,  in  the  channel  which  leads  to  success. 

The  error  of  principle  alluded  to  lies  in  expanding  the  capacity  ot' 
tlie  smoke  box,  the  dimensions  of  which,  in  the  ordinary  construction, 
are  too  great.  In  support  of  this  proposition  there  ciui  be  adduced 
the  opinions  of  Zerah  Colburn  and  Daniel  Kinnear  Clark,  botli  of 
whom  were  engineers  so  eminent,  as  well  in  practice  as  in  theory,  that 
their  writings  have  received  general  acceptiition  as  standard  authority 
on  questions  relating  to  locomotive  engineering.  From  an  article  by 
Colburn,  on  "Proportions  of  Locomotive  Boilers,"  published  in  the 
Journal  of  the  Franklin  Institute,  Vol.  27,  3d  series,  1.S54, 
pp.  194-199,  we  make  the  following  quotation  : 

"Another  means  of  improving  the  working  of  locomotive  boilers  is 
in  forming  a  better  connection  of  the  tubes  and  chimney  tlian  is 
afforded  by  the  ordinary  *  smoke  box,'  The  direction  of  this  pa.ssage 
must  be  eased,  a7if^  its  contents  reduced  to  the  smallest  pos'iihle  extent. 
The  use  to  which  the  upper  part  of  the  smoke  box  is  generally  placed 
has  i)revented  the  separation  of  that  part  from  the  general  contents  of 
this  chamlxT.  The  steam  pipes  and  tlirottle  box,  for  the  want  of  a 
bettor  situation,  have  been  placed  here,  and  often  in  such  a  manner  as 
to  stand  in  the  way  of  the  draft.  A  plan  which  I  proposed  .some 
time  since  for  tlie  relief  of  the  draft  of  engines  on  a  line  having  low 
!)ridges,  which  plan  I  have  lately  learned  was  tried  witii  good  results 
some  years  since  on  the  Columbia  road,  but  for  some  reason  was  not 
continued  in  use,  was  to  place  a  level  sheet  of  iron  across  the  smoke 
box  just  above  the  ujiper  row  of  tubes.  This  would  reduce  the  con- 
tents of  the  smoke  box  and  consequently  the  amount  of  air  to  be  lifted 
out.  It  would  allow  of  extending  the  chimney  downwards,  and  of 
thereby  increasing  the  effective  length,  and  also  of  lowering  the  blast 
pipes  and  substituting  bla.st  pressure  for  blast  suction.  I  look  to  this 
plan  as  one  likely  to  become  generally  applied." 
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riic  \  if\\>  of  I),  K.  Chirk  are  to  tlic  saiue  tenor,  and  lie  veritits 
tlicm  l»y  results  ohtnriied  from  actual  experiineiit  with  eii<riiies  in  Knsr- 
huid.     [lidiliniji  Miicliincri/.     Jjoiulon,  1805,  ]>.  l.'iT.) 

The  soundness  of  the  |)rineij)le  enunciated  l)y  ('oll)urn,  and  the 
adoption  of  the  ])lan  he  proposes,  are  further  attested  by  the  French 
engineers  Le  Chatelier,  Flaehat,  Petiet  and  Poloneeau.  In  their  trea- 
tise, the  (ruidc  <Iu  3Ief((iti<-ieii  Con.strudcur  ef  Conducteur  de  Mo- 
ehincfi  Loromotircs,  Paris,  1859,  under  the  head  "  Boite  a  fumde " 
(smoke  box),  they  say,  on  patjes  113  and  114  :  "  Tlie  dimensions  of  the 
smoke  box  should  be,  on  principle,  as  limited  as  possible,  for  the  inime- 
-diate  efJeet  of  the  draught  ]iroduced  by  the  exhaust  is  to  dilate  tlie  air 
oomjn'ised  in  its  capacity;  this  rarefaction  being  operated  by  reason  of 
the  diminution  of  pressure  which  is  the  consequence  of  the  draught, 
the  hot  gases  wliich  fill  the  tubes,  and  after  them  those  which  fill  the 
fire  box,  rush  into  the  smoke  box  to  give  place  to  the  fresh  air  which 
the  difference  of  pressure  causes  to  pass  through  the  grate  and  fuel. 
It  is  evident  that  for  the  same  action  produced  by  the  exhaust  of  the 
steam  in  the  chimney,  the  dilatation  will  be  as  nuich  greater  in  the 
smoke  box  as  the  volume  of  the  latter  is  smaller,  and  as  a  consequence 
the  suction  of  air  through  the  furnace  will  be  more  energetic.  It 
appears,  nevertheless,  that  there  is  in  practice  a  limit  to  this  reduction 
of  the  dimensions  of  the  smoke  box,  below  which  it  ceases  to  be 
advantageous.  One  of  the  best  means  of  causing  this  reduction  con- 
sists in  placing  a  horizontal  plate  above  the  upper  row  of  tubes  and 
lowering  the  chimney  to  this  plate,  M'hich  is  fastened  by  angle  iron  tr» 
the  vertical  surfaces  of  the  smoke  box.  (PI.  9,  Fig.  2.)  Mr.  J.  J. 
Mever,  of  Mulhouse,  has  a])})lied  this  arrangement  since  the  year  1854 
to  locomotive  engines  ordered  from  him  by  the  Austrian  Government, 
which  in  its  turn  has  adoi)te(l  it  for  the  remainder  of  its  stock.  Many 
French  constructors  have  also  adopted  it.  Independently  of  the 
reduction  of  volume,  there  are  many  advantages  in  thus  isolating  the 
upper  ])ortion  of  the  smoke  box  from  the  lower.  The  chimney  is  con- 
siderably lengthened,  and  the  exhaust  pipe  shortened,  and  the  joints  of 
the  steam  pipes  are  not  altered  by  the  action  of  heat." 

A  smoke  box  reduced  in  dimensions  as  proposed  1)V  Colburn  is 
shown  in  Plate  xliii  of  Recent  Practice  in  the  Locomotive  Engine, 
LondoiL,  1 861),  representing  a  passenger  engine  built  by  Sharp,  Stew- 
art &  Co.,  Manchester,  for  the  Egyptian  Hailway. 
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The  authorities  cited  merit  consideration,  and  it  can  scarcely  he 
maintained  upon  mere  assertion  that  the  position  assumed  by  tliem 
upon  this  question  is  an  erroneous  one,  especially  as  it  accords  with 
the  universal  practice  in  marine  and  stationary  boilers,  as  well  as  with 
that  of  all  locomotive  builders  in  this  country  and  Europe,  except  the 
comparatively  small  number  here  who  have  adopted  the  extended 
smoke  box  arrangement. 

The  practical  disadvantages  of  the  extcndf(l  smoke  box  are,  in 
addition  to  greater  cost  of  construction  and  maintenance,  the  increase 
of  weight  which  it  throws  upon  the  truck,  and  the  necessity  of 
cleaning  it  at  the  end  of  the  trip.  Accurate  data  as  to  the  ])ercentage 
of  unconsumed  coal  which  passes  out  of  the  front  end  of  the  tubes  of 
a  locomotive  cannot  i>robal)ly  be  obtained,  but  it  i^  obviously  a  large 
one.  In  a  report  on  the  tests  of  a  Baldwin  16  >  24-inch  engine,  on 
the  Cincinnati,  Hamilton  and  Dayton  llailroad,  made  by  John  W. 
Hill,  M.E.,  and  published  in  the  Journal  of  the  Fraxklin  Insti- 
tute, April  and  May,  1879,  Mr.  Hill  states  that  of  the  coal  charged 
per  foot  of  grate  not  less  than  twenty  per  cent,  must  have  been  blown 
unconsumed  out  of  the  stack,  and  adds :  "  The  facility  with  which  a 
locomotive  boiler  operating  under  a  strong  blast  can  distribute  unburnt 
coal  along  the  track  is  well  known,  but  it  is  doubtful  if  the  percentage 
of  coal  thus  disposed  of  is  equally  well  known.  Under  the  ordinary 
conditions  of  locomotive  performance,  with  careful  firing  and  regular 
blast,  the  loss  of  coal  by  this  avenue  is,  in  the  writer's  opinion,  rarely 
less  than  Jive  percent."  As  another  estimate,  it  may  be  added  that  in 
the  specification  of  a  recent  patent  to  a  locomotive  builder,  the  state- 
ment is  made  that  there  is  "a  waste  of  fuel,  amounting  to  nearly  fifty- 
five  per  cent.,  caused  by  the  too  rapid  passage  of  the  products  of  com- 
biLstion  through  the  tubes  and  by  the  premature  escape  of  unconsumed 
fuel  in  the  condition  of  gases  and  ignited  sparks." 

Whatever  the  actual  average  percentage  may  be,  it  is  clear  that 
it  would  be  impossible  for  an  extended  smoke  box,  even  when 
exaggerated,  as  in  some  instances,  to  the  length  of  seven  feet,  to 
contain  all  the  sparks  and  cinders  which  escape  from  the  tubes  during 
the  ordinary  run  of  a  passenger  engine,  and  therefore  they  must,  with 
the  exception  of  those  which  at  the  commencement  of  the  trip  bank 
up  in  the  front  end  and  are  transported  uselessly,  be  driven  through 
the  netting  and  out  of  the  stack.  No  advantage,  either  theoretical 
or  practical,  appears  in  this  method  of  expulsion  over  that  practiced 
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witli  tlif  hoiiiiot  [n\)v  <»r  tlie  pcrlorutcil  coir-,  aiul    the   objectioii.s,   botli 
if,  |)riiieipk'  and  in  practice,  arc  too  undoniablc  t<»  Ijc  cxi)lainc'(l  away 
Itv  tlie  vag-ue  a.s.scrtion   that   the  arranu'ciiiciit   is  "cleaner"  than  the 
t'nrmcr  ones. 

li'  the  position  herein  taken,  that  the  (jxtended  smoke  ho\  is  a 
dei)arture  from  sound  theory  and  progressive  i>ractice,  be  a  correct  (jne^ 
the  length  at  Avhicli  strictures  upon  it  have  been  presented  will  be 
neither  objectionable  nor  devoid  of  value;  and,  if  not,  it  is  evi<lent 
that  the  only  other  systems  of  spark  arresters  which  still  remain  to 
anv  extent  in  use,  namely,  the  bonnet  pipe  and  the  perforated  cone, 
should  be  relegated  to  the  past,  and  the  improvement  of  the  extended 
>-moke  box  arrangement  be  recognized  as  the  single  avenue  to  success 
tor  all  those  whose,  endeavors  are  directed  towards  the  perfection  of  this 
department  of  locomotive  engineering. 


Magnesium  Steel. — A  half  per  cent,  of  magnesium  changes 
coarse-grained  into  tine-grained  steel  and  greatly  improves  the  quality. 
Tiie  magnesium  is  introduced  through  an  opening  in  the  cover  of  the 
iTucible,  after  inserting  some  small  bits  of  charcoal,  in  order  to  remove 
the  free  oxygen.  Without  this  precaution  there  would  be  danger  of 
an  explosion. — Ber.  dcr  Chem.  (resell.  0. 

Twin  Locomotives  for  a  Portuguese  Tramway.— The  tram- 
way from  \"illa  Real  to  Villa  Regoa  has  grades  of '08  (422*4  ft.  per 
mile).  Mule  service,  which  was  first  intended,  being  deemed  insiif- 
ticient,  it  was  decided  to  try  a  new  plan,  with  special  engines  from 
Wiuterthur.  There  are  two  locomotives,  with  a  metiillic  frame- work 
-uspended  between  them,  on  which  rests  a  platform  for  the  freight. 
The  frame  is  made  of  iron  beams,  \\^b  metres  ( 17*5  yds.)  long,  and  '45 
metre  (1*476  ft.)  high,  fastened  at  their  ends  to  the  two  locomotives 
and  firmly  joined  together.  The  platform  is  8'1  m.  (26"575  ft.)  long 
and  1-9  m.  (6.234  ft.)  wide,  0-67  m.  (2T98  ft.)  above  the  rails,  weigh- 
ing 3*3  tons  and  with  a  carrying  capacity  of  15  tons.  The  locomo- 
tives have  six  coupled  wheels,  so  united  to  the  frame-work  as  to  permit 
an  ea.sy  passage  over  the  abrupt  curves,  many  of  which  have  a  radius 
not  exceeding  25  metres  (27-34  yds.)  Air-brakes  are  attached  to  the 
ordinary  brakes,  for  greater  security. — Ann.  des  Fonts  et  Chanss.      C. 
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STANDARD  SIZES  IN  CYLINDRICAL  FITTING. 


By  George  Richards, 

Head  before  the  Franklin  Institute  at  its  meeting  Dec.  ITtli,  1879. 


At  previous  meetings  the  writer  has  had  the  pleasure  of  presenting 
before  the  members  of  the  Institute,  descriptions  and  examples  of  the 
system  of  standard  gauges  which  is  being  advocated  as  a  means  of 
cheapening  the  cost  of  producing  machine  parts,  ba.sed  upon  a  uni- 
formity of  sizes  and  interchange  of  like  parts. 

Since  that  time  the  adoption  of  such  gauges,  for  a  long  time  con- 
sidered problematical,  lias  fully  equaled  the  most  sanguine  exjjecta- 
tions,  and  to  the  present  time  more  than  five  thousand  of  the  different 
forms  of  standard  gauges  being  made,  have  been  adopted  by  A'arious 
shops  in  this  coimtry  and  in  England.  It  is  a  pleasure  to  refer  also  to 
measuring  machines,  an  inplement  that  was  unknown  in  a  tool  room 
in  this  country,  so  far  as  the  writer  is  aware,  luitil  a  few  months  ago. 
The  twenty- eighth  machine  is  now  in  progress.  A  very  fine  example 
is  presented  this  evening,  just  comj)leted  for  one  of  the  government 
arsenals.  The  readings  are  to  the  one  ten  thousandth  part  of  an  inch, 
but  variations  to  the  one  hundred  thousandth  part  of  an  inch  can  he 
indicated  by  the  machine. 

It  will  be  noticed  that  the  machine  is  arranged  with  two  screws,  one 
for  measuring,  the  other  for  approximate  adjustment  in  setting  the 
points  to  standard  length  bars.  The  measuring  points,  which  in  this 
machine  are  in  line  with  the  .screws,  are  made  in  two  forms — with 
spherical  and  flat  points,  one  set  of  each  being  used  at  a  time. 

The  error  in  the  aggregate  and  relative  pitch  of  the  measuring  .screw 
is  provided  for  by  the  improved  methods  presented  before  the  meeting 
a  short  time  since.  The  screw  is  immersed  in  oil  to  maintain  a  uniform 
temperature  throughout  its  length  and  to  avoid  particles  of  dust  accu- 
mulating on  its  surface.  The  machine  receives  pieces  to  twenty-four 
inches  in  leno-th  and  to  four  inches  in  diameter. 

Referring  again  to  the  increased  use  of  standard  gauges :  it  seems 
now  to  be  generally  conceded  that  these  implements  are  no  longer  to 
be  regarded  as  a  luxury,  but  an  essential  part  of  an  equipment  for 
manufacturing  machines.     Their  low  price,  together  with  the  advan- 
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t:i;^'  ■  ti-aiiii'd  1)\  ilicir  ii~c,  Iji'Iii'/  iimn'  lii-iii-r.ilK-  timli  r-tDiid,  will  ;ic<'(tiiiit 
fui'  this. 

rntil  ivceiitly  tlie  writer  hail  only  engaged  lii.s  attention  with  the 
nu'ans  of  establishing  sizes  and  testing  the  aecuracy  of"  finislied  parts, 
l)ut  since  a  source  of  trouble  has  arisen  in  many  cases  where  it  was 
assumed  that  the  j)o.s.session  of  standard  gauges  alone  accomplished  the 
<lesired  results.  Some  farther  means  of  maintaining  the  si/x'S  .seems 
to  be  called  for. 

Every  one  at  all  acijuainted  with  shoj)  manij)ulation,  is  fully  aware 
of  the  fact,  that  before  nuich  can  be  accomplished  in  the  right  direction, 
the  holes  in  the  various  parts  of  machines  must  be  finished  with  .some 
degree  of  luiiformity,  to  ])ermit  of  gauges  and  proper  mandrels  being 
used  to  advantage. 

Having  been  obliged  from  circumstances  to  base  most  of  the  prece- 
dents in  this  manufacture  upon  the  English  system  of  w^ork,  in  whicJi 
<tantlard  gauges  have  for  many  years  been  very  generally  employed, 
the  fact  was  partly  overlooked,  that  in  their  })ractice  holes  wei'e  bored 
to  size,  while  here  reaming  tools  were  almost  universally  adopted. 

To  explain  the  cause  of  the  difficulties  which  necessarily  arose  where 
reamers  of  the  usual  type  and  gauges  were  used  together,  attention  is 
called  to  an  example  of  such  a  reamer.  It  consists  of  a  piece  of  hard- 
ened steel  with  cutting  edges  about  one-half  its  length,  wdiile  the  other 
is  of  cylindrical  form  (called  generally  the  "shank"),  .serving  in  most 
cases  as  an  extension  or  handle  to  reach  through  deep  holes.  The  cutting- 
edges,  are  grotmd  to  finish  a  hole  to  standard  size  wlien  the  implement 
is  new.  It  is  no  doubt  intended  that  the  shank  shall  be  a  guide  for  the 
cutting  edges,  after  they  are  fully  entered  in  the  hole  being  reamed, 
but  it  will  be  readily  understood  that  the  cutting  edges  being  continu- 
ally .subject  to  wear,  that  to  make  a  commercial  success  of  such  a 
reamer,  the  .shank  must  be  small  eiM)ugh  to  pass  through  the  hole  made 
by  it,  without  reference  to  the  amount  of  wear  that  may  occur  from 
continued  use. 

From  this  it  will  bu  seen  that  such  an  implement,  without  anv  means 
of  maijitaining  its  original  size,  can  have  no  reference  to  standard  sizes, 
except  when  first  used.  .As  the  holes  made  in  this  way  gradually 
diminish  in  size,  the  gauges  w^ill  not  enter  the  holes,  the  diameter  of 
cylindrical  })ieces  must  also  be  reduced,  and  ])roper  mandrels  of  steel 
cannot  wx'll  be  employed.  The  results  will,  in  most  cases,  be  a  wor.se 
confusion  than  if  no  .system  were  attempted  at  all. 
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It  is  of  course  suggested  that  sucli  reamers  be  annealed,  reset,  hard- 
ened and  ground ;  as  special  skill  is  required  for  these  operations, 
they  rarely  receive  such  treatment,  but  as  many  here  can  testify,  are 
instead  reduced  to  another  size. 

For  these  reasons,  it  has  become  necessary  to  supplement  the  standard 
gauges  with  some  implement  to  produce  holes  to  uniform  sizes,  and  the 
manufacture  of  an  adjustable  retimer  of  the  type  at  present  employed 
in  some  of  our  leading  shops,  has  therefore  been  entered  upon.  The 
form  of  the  reamer  is  well  known  in  Philadelphia,  owing  to  the  extent 
to  which  gauges  are  used  here.  It  consists  of  a  steel  body  with  inserted 
blades,  upon  Avhich  the  cutting  edges  are  formed.  The  grooves  in  which 
the  blades  are  fixed  are  not  parallel  witii  the  centre,  but  at  such  an 
angle,  that  the  blades  being  forced  towards  the  shank,  the  diameter  of 
the  outside  of  the  cuttiug;  edffes  is  increased. 

Such  reamers  have  from  time  to  time  been  made,  wirii  tiic  usual 
appliances  at  their  command,  by  those  shoj}s  where  a  svstem  of  uniform 
-<izes  has  been  adopted,  and  have  no  doubt  formed  the  ])rincipal 
means  of  maintaining  such  a  system  after  being  begun. 

The  feature  of  adjusting  the  size  of  a  reamer  as  it  wears,  brings  an 
entirely  new  set  of  conditions  to  bear  on  the  matter  (wlien  compared 
with  the  solid  ones).  It  permits  of  an  uniform  difference  being  con- 
stantly maintained  between  the  diameter  of  tiie  cutting  edges  and  the 
shank.  In  this  case,  the  shank  can  be  utilized  as  a  means  of  ffuidine: 
the  cutting  edges,  to  insure  straight  holes  being  forjued,  and  still  farther 
form  a  means  of  determining  the  wear  to  be  permitted,  as  it  becomes 
a  check  to  the  use  of  the  reamer  when  it  requires  readjustment. 

Inasmuch  as  different  grades  of  fitting  will  allow  of  more  or  less 
variation  in  the  holes,  this  limit  of  accuracy,  as  it  may  be  called,  can 
be  regulated  Avith  some  degree  of  certainty.  This  matter  will  be  dealt 
with  farther  on.  Attention  is  called  to  the  general  plan  of  the  reamer 
as  an  example  of  fitting  and  accurate  workmanship.  It  becomes  an 
example  of  the  results  possible  in  producing  duplicate  parts  with  accu- 
rate means  of  measuring,  in  connection,  with  tools  made  to  standard 
sizes.  This  form  of  reamer  has  always  been  considered  difficult  to 
make,  owing  to  the  nature  of  the  fits,  but  with  a  view  of  reducing 
the  cost  of  them,  to  allow  of  their  being  generally  used  instead  of 
the  solid  reamers,  it  was  necessary  to  base  their  manufacture  upon  mill- 
ing the  dovetail  slots  uniform  in  size,  and  producing  the  blades  with- 
out reference  to  their  final  disposition  in  any  one  reamer.     The  blades 
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arc  fitt('<l  to  drive  tijilitiy,  so  as  not  to  In-  altered  in  jiosition  by  any 
roui>,h  nsage  tliey  may  he  snhieeted  to.  Tlie  l)lades  beinji;  inter- 
ehani^eablo,  the}' can  be  renewed  wlien  worn  to  the  Hinitsof  end  adjust- 
ment. The  plan  of  hohliiii^  the  blade  by  tight  fitting  has  an  object^ 
in  preventing  the  size  of  the  reamer  being  tampered  with  by  nnjirin- 
eipled  workmen,  and  to  insure  that  it  is  altered  oidy  when  worn  sni'- 
(leicnt  to  require  re-adjustment.  Messrs.  Wm.  Sellers  &  Co.,  of  this 
eity,  have  adopted  a  very  good  j>lan  in  their  reamers  for  this  i)urpose. 
The  blades  are  driven  out  from  the  shank  to  expand  the  size.  The 
blades  arc  then  ground  "  flush  "  Avith  the  ends  of  the  stock,  showing^ 
at  a  glance  if  the  blades  occupy  their  proper  position.  This  plan^ 
however,  jiresents  some  difficulties  in  the  manufactiu'c  of  the  reamers- 
that  overbalances  this  advantage;  any  convenient  method  of  adjusting^ 
the  blades  would  thus  seem  a  detriment. 

It  might  be  ex]>lained,  that  in  perfecting  mechanism  to  insure  this 
interchange  of  parts,  an  equal  number,  if  not  more,  difficulties  liave 
been  encountered  than  in  the  making  of  the  gauges.  The  work  is 
required  to  be  uniform,  to  about  the  one  five-thouSandth  part  of  an 
inch,  which  is  comparatively  a  much  closer  degree  of  accuracy,  where 
results  are  based  on  the  maintenance  of  cutting  tools,  than  in  the 
gauges,  where  the  sizes  are  obtained  by  grinding  and  many  tests  being^- 
made. 

In  beginning  the  making  of  cutting  tools  to  be  used  in  finishing 
working  jiarts  of  machines,  a  step  was  taken  outside  the  province  of" 
gauge  making,  which  had  only  been  directed  to  furnishing  standards 
to  make  work  to,  leaving  it  to  the  discretion  of  the  user  to  detennine 
how  the  finished  parts  should  fit  with  the  gauges.  There  had  ahvays 
been  some  misgivings  about  this  matter,  from  noticing  results  after 
standard  gauges  were  employed,  and  upon  further  inquiry,  quite  a 
diffijrence  of  opinion  was  found  to*exist.  liesearch  was  at' once  begun, 
to  arrive  at  some  definite  conclusions,  and  it  is  hoped  no  egotism 
will  be  attributed  to  the  Avriter,  when  it  is  explained,  that  it  was 
assumed  whatever  such  inquiry  might  determine,  those  adapting  stand- 
ard gauges  would,  to  a  certain  extent,  be  comj^elled  to  accept.  ^Vs  the 
matter  is  one  of  general  interest,  it  has  seemed  proper  to  place  before 
vou  the  results  of  the  investsgations,  with  the  reasons  for  certain  plans 
being  adopted  in  the  construction  of  the  adjustable  reamers. 

The  question  that  has  called  forth  this  paper  is,  what  relation  shall 
the  sizes  of  holes  in  machines  bear  to  standard  measurements;   or,  in 
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other  words,  shall  holes  be  made  above,  exactly  to,  or  below  standard 
sizes  ? 

In  order  to  cause  the  argument  to  be  more  readily  followed  in 
entering  into  details,  it  will  be  pioper  to  call  attention  first,  to  the 
conditions  that  must  exist  in  any  practical  attempt  to  produce  parts 
exactly  siniilar.  Different  classes  of  manufactured  products  call  for 
more  or  less  uniformity  in  their  parts.  The  controlling  element,  in 
most  cases,  being  the  destruction  of  the  cutting  edges,  coupled  Avith 
sliglit  inaccuracies  in  the  working  details  of  the  mechanism  actuating 
the  tools. 

There  is  a  defined  limit  to  this  matter  of  making  parts  duplicate 
and  interchangeable  in  machines,  based  upon  conditions  so  numerous 
that  no  attempt  will  be  made  to  jioint  them  out  here.  Even  Avhen 
satisfactory  results  are  arrived  at,  tiie  sizes  of  duplicate  ])arts  can  at 
best  be  only  an  a[)proximation  to  some  arbitrary  or  standard  size,  but 
.should  at  all  times  be  within  some  defined  limits,  the  degree  of  accuracv 
established  for  the  work  being  an  exponent  of  this. 

For  example,  let  us  suppose  that  a  variation  of  one  hundredth  part 
of  an  inch  is  permissible  in  a  certain  class  of  Avork ;  in  tliat  case  au 
inch,  as  expressing  a  size,  could  be  one  inch  plus  one  two-hundredth, 
or  one  inch  less  one  two-hundredth  part  of  an  inch,  and  yet  be  regarded 
as  a  duplicate  of  a  stiuidard  inch,  in  that  particular  instiince.  In 
making  standard  gauges,  guaranteed  to  be  uniform  to  the  one  ten- 
thousandth  part  of  an  inch,  as  com])ared  with  original  standards,  the 
gauge  may  be  larger  or  smaller  than  this  original  to  the  extent  of  one 
twenty-thousandth  part  of  an  inch.  Were  it  i)ossibIe  to  adjust  the 
gauges  to  the  one-millionth  of  an  inch  there  would  still  remain  tlie 
same  conditions,  in  so  far  as  approximating  a  uniformitv  in  sizes. 

This  variation  then  represents  the  change  which  tools  mav  be  per- 
mitted to  undergo  and  yet  remain  in  use  for  a  sjiecific  purpose. 

It  will  now,  it  is  hoped,  be  granted  that  it  is  a  matter  of  much 
importance  to  arrive  at  some  veiy  definite  conclusions  about  the  rela- 
tion that  the  sizes  in  machine  fitting  should  bear  to  standard  sizes.  It 
has  been  pointed  out,  that  with  proper  appliances  for  making  the 
holes,  they  become  the  basis  in  carrying  out  a  system  of  uniform  sizes. 
Should  the  implements  for  finishing  the  holes  be  adjusted  at  first  with 
an  allowance  made  for  their  wear,  to  make  the  holes  larger  or  exactlv 
to  a  standard  size  hole? 

The  difference  in  the  two  cases  is  more   than  would  at  first  be 
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imagiiiccl,  iiiid  ii»  artual  prartice  is  ot"  sulHcIeiit  iiioineiit  to  warrant 
the  assertion,  that  even  with  siiiiihir  standards  in  eac-li  shop  through- 
out the  eoiuitry,  there  cannot  be  said  to  exist  any  unilbrniity  in 
the  .sizes  of  their  finished  product.  Tiie  difierence  in  tlie  results 
will  at  all  times  be  double  the  limit  of  accuracy  that  is  assumed  in 
fitting.  In  one  Ciise  a  2-inch  hole  would  at  first  be  2y^^  inches  and 
diminish  in  size  to  2  inches,  while  on  the  other,  it  would  be  either 
2  inches  or  2  inches  less  one-hundredth,  the  difference  in  comparing 
the  results  together,  being  really  one  fiftieth  of  an  inch. 

It  will  now  be  well  to  consider  what  should  be  the  proper  basis^ 
in  attempting  to  arrive  at  any  definite  conclusions  on  the  subject. 

Some  of  the  different  forms  of  standard  gauges  used  in  determining 
sizes  in  fitting  are  exhibited  to  assist  in  the  matter. 

The  nature  of  the  siu'faces  tm  a  j)in  and  ring  gauge  permit  of  their 
both  being  very  nearly  the  same  size.  One-tenthousandths  of  an  inch 
difference  in  either  would  make  a  marked  change  in  the  fit.  To  illus- 
trate this,  an  example  of  two  gauges  with  this  difi'erence  in  size  is 
presented  foi:  inspection  by  the  members.  It  would  require  perhaps 
a  thousandth  of  an  inch  in  even  good  fitting  to  jiroduce  the  same 
apparent  change  in  a  shaft  and  hole. 

Inasmuch  as  the  close  fitting  of  gauges  cannot  be  carried  into  [)rac- 
tice  for  this  reason,  either  the  internal  or  external  gauge  must  be 
assumed  as  a  shop  standard. 

Everything  pertaining  to  the  du})lications  of  standards  requires  that 
the  external  gauge  or  a  length  standard  be  assumed  as  a  basis.  The 
standard  lengths  of  Great  Britain,  adopted  by  our  government,  are 
bars  with  points,  the  outside  dimension  being  the  standard  length. 

In  reproducing  duplicates,  measuring  points  are  brought  in  contact 
svith  the  ends,  and  the  distance  between  them  assumes  the  form  of  a 
gauge  for  that  purpose,  but  not  of  a  standard  length. 

Referring  now  to  the  interchange  of  different  forms  of  standard 
gauges,  the  length  standards  are  represented  by  pin  gauges,  the  cor- 
rective gauge  disks,  and  the  "heel,"  as  it  is  generally  called,  of  the 
fixed  caliper  gauge,  while  outside  measures  for  transmitting  these 
length  arc  represented  by  the  measuring  machine,  the  ring  gauge  and 
the  fixed  calipers. 

The  latter  implements  indicate  a  standard  size  plus  two  contacts,  or 
in  the  ease  of  the  ring,  of  a  continuous  contact. 

The  amount  of  surface  contact  becomes  of  much  moment  in  the  fit- 
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ting  of  standard  gaug'cs,  owing  to  tiie  natnre  of  tlie  snrfaces  and  the 
density  of  the  material  enipk)ved.  The  distance  nieiisnretl  between 
the  points  of  a  fixed  caliper  gange  is  less  than  the  internal  diameter 
of  a  ring  gange  indicating  a  similar  size,  because  of  the  small  amount 
of  surface  in  ccmtact  in  the  former.  Again,  the  internal  diameter  of  a 
cast  iron  ring  gauge  must  be  greater  than  one  of  hardened  steel,  eat-h 
appearing  to  fit  the  same  over  a  cylindrical  gauge.  This  difference  is 
even  more  when  both  are  fitted  to  a  pin  gauge  of  cast  iron. 

From  these  few  exam])lcs  it  will  be  inidcrstood  that  the  duplication 
of  gauges  is  based  uimn  assuming  outside  dinunsions  as  the  standard. 

Vov  these  reasons  it  has  been  thought  best  to  recommend  that  in  tit- 
ling, the  si/e  of  tlic  holes  should  be  above  standard  sizes  enough  to 
show  a  contact  with  a  standnni  size  slcit't  similar  to  the  apparent  lit  <it' 
the  gauges  with  one  another. 

To  refer  again  to  the  variation>  in  duplicating  parts,  a>  ri'preseiuing 
only  an  api)roximation  at  best,  the  different  degrees  of  fitting  must 
now  be  brought  to  bear  o\\  the  matter. 

Even  if  holes  are  assumed  to  be  made  uniform,  the  size  of  cylin- 
drical parts  must  be  varied  to  produce  the  different  contacts  referred 
to  in  the  gauges. 

In  practice,  fits  are  divided  generally  into  three  kinds:  first  a  driving 
or  forced  fit;  second  a  close  contact  or  exact  fit,  and,  third  a  fit  loose 
enough  to  permit  of  the  surfaces  being  lubricated  by  the  ordinarv 
means. 

To  now  bring  the  three  conditions  that  have  been  explained  together: 
the  standard  gauges  in  their  various  forms;  the  xariation  that 
nmst  occur  from  Avear  of  tools  to  form  holes,  and  the  dilferent 
grades  of  fits  employed  in  practice,  it  would  appear  that  to  suit  these 
conditions  most  favorably,  the  slight  variation  permissible  in  the  holes, 
compared  with  a  standard  size  shaft,  should  represent  the  lit  described 
as  a  close  one — neither  a  loose  or  forced  fit.  Compared  with  the 
gauges  now,  this  fit  Avoald  show  a  similar  contact  with  them,  the 
fixed  caliper  going  easy  over  the  shaft  and  the  "heel"  of  the  gauge 
entering  the  hole  apparently  with  a  similar  contact  of  the  shaft.  If 
the  fit  were  a  forced  one,  the  shaft  would  be  larger  tlian  the  gauge, 
and  if  a  loose  fit,  smaller  than  the  gauge.  Provided  the  cylindrical 
jnvrts  of  machines  Avere  })repared  in  this  manner,  wil^hont  reference  to 
the  holes,  the  variations  that  nuist  be  made  in  their  size  to  fill  the 
conditions  of  the  different  fits,  is  so  nuich  more  than  the  variation  that 
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slioiild  he  j)erinittc'(l  in  the   lioles,  tliat  [)ra('tic;illy  no  difference  would 
be  noted,  whetlier  tlie  .size  of  the  liole  i.s  at  one  extreme  or  tlie  other. 

To  again  call  your  attention  to  the  adjustable  reamer,  as  perhajis 
affording  farther  cxi)lanation  :  the  shanks  of  the  reamers  are  dupli- 
cates of  standard  cylindrical  gauges,  while  the  extreme  diameter  of 
the  cutting  edges  is  the  standard  size  plus  the  variation  or  limit  of 
accuracy  a-ssumed  in  the  work. 

The  shank  at  once  assumes  a  new  condition  as  a  ])art  of  the  reamer. 
It  can  be  considered  as  a  guide  to  insure  straight  holes,  but  its  most 
important  function  is  as  a  check,  to  limit  the  ase  of  the  reamer  when 
it  lia.s  diminished  from  its  original  siz(!  to  the  smallest  diameter  that  is 
[M-rmittcd  from  the  degree  of  variaticm  a.ssimied  in  the  fitting.  Prac- 
tically, this  forms  the  only  .safe  means  of  controlling  the  sizes  in  a 
shop,  without  continued  attention  on  the  part  of  the  manager. 

Without  such  an  implement,  the  conditions  of  fitting  referred  to 
would  be  impcssible,  and  st<\ndard  gauges  could  be  utilized  only  to  a 
limited  extent  in  fitting. 

Mandrels  .should  receiv^e  some  attention  as  having  a  bearing  on  the 
matter.  \Mien  proj)erly  used,  they  should  be  divided  into  two  clas.ses, 
for  long  or  short  holes;  in  one  case  being  made  straight  about  one- 
half  their  length,  with  a  taper  on  the  remaining  part,  in  the  other 
with  a  gradual  ta])er  from  end  to  end.  One  end  of  them  will  in 
either  case  be  to  standard  size,  as  the  holes  cannot  be  made  too  small 
to  prevent  their  being  entered. 

To  conclude  by  drawing  comparisons  between  the  system  to  be 
attained  by  using  adjustable  reamers,  in  contrast  with  what  could  be 
accomplished  with  solid  reamers,  it  might  be  inferred  that  an  extreme 
position  has  been  .taken  in  the  matter,  based  upon  anticipated  pecu- 
niary returns  from  the  sale  of  such  reamers,  but  as  they  form  the 
only  means  of  making  the  gauges  practical  implements  (in  which  it  is 
assumed  you  are  all  interested),  coupled  with  the  fact  that  they  must 
be  sold,  although  much  more  costly,  at  about  the  same  prices  as  solid 
reamers  to  induce  their  use,  it  is  hoped  that  the  spirit  in  which  this 
subject  is  treated  will  be  ])roperly  understood.  The  object  is  only 
to  point  out  the  means  which  must  be  employed  to  reduce  the  cost  of 
machine  fitting  })y  a  .systematic  duplication  of  parts. 
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SAWS, 


By  Robert  Grimshaw,  Ph.D. 


The  saw  is  one  of  the  mo.st  ancient,  useful  and  familiar  of  tool.s. 
The  generic  term  applied  to  a  serrated  dividing  tool  is  generally  under- 
stood as  applying  to  a  saw  for  wood,  although  the  implement  is  used 
also  for  bone,  stone,  metal,  ice,  etc.*  (There  is  also  a  familiar  limita- 
tion to  a  reciprocating  hand  tool).  The  ancient  Egyptians,  far  back 
in  the  silent  centuries,  knew  and  used  this  tool,  the  material  being 
bronze,  hardened  by  an  art  now  lost.  The  Greeks,  masters  of  manv 
and  far-sailing  wooden  ships  for  war  and  exploration,  deified  the 
inventor,  who  conies  down  to  us  as  Talus  or  Perdrix.  The  original 
saw  was,  doubtle-ss,  a  flat  notched  or  jagged  piece  of  metal  like  a  nicked 
knife  blade,  having  no  special  form  of  teeth,  but  used  with  a  straight 
reciprocating  stroke,  and  for  either  ripping  or  cross  cutting.  It  cut 
on  both  strokes.  The  saws  of  the  stone  age  had  flakes  of  flint  imbedded 
in  a  wooden  blade  and  held  by  means  of  bitumen.  The  Mexicans 
used  obsidian  for  saw  teeth.  The  South  Sea  Islanders  employ  sharks' 
teeth,  and  the  Caribs  use  notched  shells. 

The  saw  is  mostly  used  for  converting  wood  and  other  materials 
from  original  forms,  and  naturally  precedes  the  plane  and  other  tools, 
although  it  follows  the  ax.  It  does  its  Avork  with  considerable  speetl 
and  accuracy.  In  some  elaborate  and  highly  ornamental  arts  it  is 
nearly  the  only  tool  u.sed. 

The  importance  of  scientific  and  economical  timber-cutting  may  be 
conceded  when  it  is  asserted  that  the  annual  value  of  the  wood,  lumber 
and  timber  crop  of  America  is  a  billion  dollars  (|1, 000,000,000),  or 
four  times  that  of  our  wheat  crop.  The  immense  waste  in  cutting- 
timber,  with  the  millions  of  axes  now  in  u.se,  is  almost  incredible. 
The  tough  and  knotty  timber  and   chips  now  wasted  in  cutting  cord 

*  Stone  sawing,  in  the  ordinary  sense  of  the  word,  is  not  sawing,  but  abrasion  in  a 
narrow  line  by  means  of  loose  sand  or  iron  shot, 'pressed  in  by  a  reciprocating  blade, 
while  it  is  also  accomplished  by  diamonds  set  in  iron  blades.  So-called  "  saws  "  for 
india-rubber  and  some  of  those  for  cold  iron  rails  are  plain  unserrated  disks,  no 
more  to  be  considered  under  the  head  of  saws  proper  than  Miss  Edgewortli's  essay  on 
I  rish  Bulls  among  works  on  Natural  History. 
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wood  luiglit  he  saved  by  cro.s.s  euttinp;  with  saws  into  short  blocks,  say 
one  foot  loni^;,  making-  good  .stove  W(x>d. 

It  is  computed  that  the  saving  of  timber  and  time  by  the  scientific 
use  of  saws  would  e(jual  the  interest  of  the  United  States  ])ublic  debt ; 
to  .say  nothing  of  lightening  the  toil  of  millions  (jf  farmers. 

As  wc  now  know  the  saw  it  is  either  Reciprocating  or  Continu- 
ous in  action  ;  the  first  cla.ss  having  a  fiat  blade  and  practically  straight 
edge  and  making  a  plane  cut ;  and  the  latter  beiiig  either 

(1)  a  circular  rotating  disk,  cutting  in  a  plane  and  at  a  right  angle  to 
its  axis ; 

(2)  cyUndrical,  or  barrel-shaped,  with  a  convex  edge,  ciittiiig  ])arallel 
to  its  axis  ;  or 

(3)  a  continuous  ribbon  or  band,  running  on  two  pulleys  and  mak- 
ing a  plane  or  curved  cut,  witli  a  straight  edge,  j)arallef  to  their  axes 
of  rotation. 

There  is  a  fourth  class,  or  spired  .saw,  composed  of  segments  clamped 
l)etween  plate.s,  and  cutting  a  dovetail  joint  (Armstrong's  ])atent).  The 
entering  segments  cut  like  a  circular  saw ;  subseq.uent  .segments  are 
flanged — at  first  sliglitly,  and  gradually  more  and  more ;  these  later 
segments  have  the  cut  of  a  cylinder  saw.  As  the  flange  wears  away 
by  filing,  the  segments  are  moved  on  towards  the  unflanged  end  of  the 
spiral. 

Between  the  Reciprocating  Rectilinear  and  the  Continuous-acting 
Curvilinear  saws  may  be  cla.ssed  the  Chain  Saiv ;  its  many  varieties 
having  either  one  or  two  axes,  at  right  angles  to  the  plane  of  cut ;  cut- 
ting with  either  a  concave,  a  convex,  or  a  straight  edge,  and  either 
reciprocating  or  continuous  in  action.  It  is  essentially  a  saw  com- 
posed of  links  like  a  chain,  and  is  a  connecting  link  between  the  two 
other  classes. 

We  shall  consider  these  classes  in  sequence,  after  having  gone  into 
the  theory  of  the  shape,  di.sposition  and  action  of  saAV  teeth,  as  applied 
to  the  earliest,  simplest  and  most  common  class,  that  Avith  reciprocating 
rectilinear  blade. 

The  blade  of  this  kind  of  .saw  is  usually  a  thin  sheet  of  steel,  rolled 
evenly  thick,  having  the  teeth  then  cut  out  Avith  a  puncli ;  the  blade 
then  smithed  or  preased  perfectly  plane  or  flat ;  ground,  principally 
crossAvise,  to  perfect  the  surface  and  reduce  the  thickness  at  the  back  ; 
the  teeth  then  .sharpened  and  set. 

This  class  of  saAV  has  more  forms  of  teeth  than  anv  of  the  others. 
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Its  teeth  are  formed  at  greatly  varying  angles  and  made  to  cut  either 
way  or  both  ways ;  sometimes  one  series  of  teeth  cuts  in  one  direction 
and  another  in  the  opposite  on  the  same  blade.  In  the  first  case  the 
effective  or  cutting  stroke  is  either  by  pulling  or  by  pushing.  The 
carpenter's  saw  of  the  ancient  Greeks  was  a  straight  frame,  with  per- 
pendicular teeth,  and  two-handed — doubtless  cutting  both  ways. 

The  saws  of  all  Asia  do  not,  and  those  of  ancient  Greece  did  not, 
employ  the  thrust  cut,  which  gives  the  straightest  cut  and  the  freest 
from  sawdust;  but  cut  on  the  back  or  pulling  stroke.  But  we  shall 
refer  to  this  subject  later  on,  and  consider  now  the  outline  of  the  teetli. 

It  is  necessary  to  premise  that  the  piteli  of  a  tooth  means  the  angU 
of  the  face  up  which  the  shaving  a.scends ;    not  an  interval,  as  with 
screw  threads.     Small  teeth  are  counted  in  points  to  the  inch  ;  those  of 
large  saws  by  the  space  expressed  in  inches  or  in  parts  of  an  inch. 

The  real  angle  of  a  [)()int  is  found  l)y  subtracting  its  back  angle  from 
its  front. 

The  generic  angle  of  saw  teeth  is  60°  ;  being  that  of  an  ecjui- 
lateral  or  "three-square"  file.     But  this  may  be  variously  placed. 

In  the  annexed  table  of  angles  and  spaces  the  pitches  are  classified 
15°  asunder.  Thus,  in  Fig.  1  D  is  upright,  having  no  pitch;  G  i.s 
flat,  having  plenty. 

The  peg  tooth.  Fig.  2,  has  rather  more  throat  room  than  a  V  tooth 
(Fig.  3)  of  ths  .same  width  and  height,  and  less  than  if  it  were  cut 
deeper,  as  by  the  dotted  lines.  Fig.  4.  Being  generally  more  acute 
than  60°  it  could  not  be  dre.ssed  with  either  a  three-square  or  a  flat  file 
if  in  V  shape  ;  a.s  it  is,  a  flat  or  "  mill  "  file  dre&ses  it  admirably. 


Fiff.  2.    Peg  Tooth. 


Fig.  3.    V  Tooth. 


'-^^  Grimhsaw — tSaws. 

Table  I. 

Simple  forms  of  saw  teetli,  from  HolziipflM. 


\ 


Peg;  ileum. 


[Jour.  Frank.  last.. 


Angles.       Ordinary 

sj)aces. 
Face.    Back.         Inches. 

110°  70°      ^—1] 


B     AMMMJX/LJVUV     PlalnM. 

c  / 


90°  30°       1— l] 
Half  Moon.  90°  35°       1—1', 

"Cross-cut"— no  pitch.  120°  60°       |— 1} 


Small  cross-cut — slight 

pitch.  105°  45°       1—1 

Pruning;ordinarypitcli 
hand-saw ;  joiners ; 
English  cross-cut.     •   90°  30°       %—l 

Metal ;  mill   saw — soft 

wood.  75°  15°       i— 2;j   f 

Some   circular  saws — 


H  T^^l^^^l^^^U^'l^^'ly^^        pit ;   cross-cut ;   bath 

stone.  -  75°  30°       |— 1] 


I  ^y\yiAAy\y\ ''■^"- 


Circular. 


Hard    wood   cross 
cut. 


Pit ;  circular. 
M   l^l/'Vq/^X-yZ   Pit;  circular. 

"V     „      ^—,     ^—r    ^~r     ^-y     ^-,      ~^  Soft    wood :      rivi- 
■^'      --  .-   -^'^z    .y^/  ^""O^    y'^/   ^'^/    ^y^/  •  '■ 

ping. 


90°  50°       1—4 


60°  15°       1—2 


90°  30°       i—Zl 


75°  20° 


-3i 


i    00°  10°       ^— 3i 


J  450    50       ._3^j 


A  saw  tooth  has  two  function,s— />ari?i_f/  aud  scraping.    A  slitting  or 
ripping  saw  for  wood  lias  the  cutting  edge  about  at  a  right  angle  to  the 


*  Sometimes  each  alternate  tooth  is  cut  out ;  then  it  is  "skij)-tooth 
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fiber  of  the  wood,  severing  it  in  one  place  ;  the  "  throat "  of  the  tooth 
wedging  out  the  piece. 


Fig.  4.    Feg  Tooth. 

In  a  "  Gross-eu£'  wood-saw,  also,  the  cutting  edge  strikes  the  fibre  at 
right  angles  to  its  length,  but  severs  it  on  each  side  from  the  main 
body,  before  dislodging  it. 

In  the  slitting  saw,  N,  Fig.  1,  the  "  rake"  is  all  in  front,  where  the 
cutting  duty  is.  In  the  cro.ss  cut,  as  D,  the  rake  is  on  the  side,  for  the 
same  reason. 

The  length  of  tooth  depends  largely  upon  the  duty  required.  A  long 
tooth  has  the  demerit  of  being  weak  and  liable  to  spring ;  the  merit  of 
giving  greater  clearance  to  the  sawdust — a  specially  valuable  feature 
in  soft,  wet  or  fibrous  woods.  It  is  certain  that  the  throat  space  in 
front  of  each  tooth  must  be  sufficient  to  contain  the  dust  of  that  tooth 
from  one  stroke.  If  (as  in  a  short  tooth)  the  space  be  not  high  enough, 
that  quality  can  be  gained  by  distance  between  the  teeth.     For  hard 


Fig.  5.     Ch'eat  Front  Make. 

woods,  where  long  teeth  are  inadmissible,  it  is  best  to  ha%'e  short  teeth, 
wide  spaced.     The  deeper  the  tooth  the  quicker  the  saw  wears  out» 
The  greater  the  feed  the  deeper  the  dust  chamber  required,  or  else 
the  more  teeth  needed. 


:i(> 


(iriinshaio — Saic>i. 
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Kqiud  leiK/tli  of  teeth  is  ol"  ^rcat  inijtortancc ;  ii.s  inwjuulity  gives  the 
longest  tectli  tlie  most  work  and  lessens  the  duty  of"  the  saw;  giving 
fewer  cutting  teeth  and  dulling  them  quicker. 


Fig.  a.    Shoivitiy  Various  Makes  of  Teeth. 

Where  the  teeth  are  close,  the  shape  of  the  throat  is  of  special 
influence. 

As  regards  the  tendency  of  teeth  to  spring  into, the  Avork :  A  form 
such  as  Fig.  5,  having  great  front  rake,  is  keen  but  liable  to  spring 
in  and  break,  especially  if  long  and  in  hard  wood.  In  Fig.  6,  tooth  1 
has  maximum  front  and  minimum  back  rake.  2  has  less  hook  but 
more  back  rake,  tending  to  spring  the  point  down  into  the  wood.     3 


Fig. 


has  no  front  rake  but  considerable   back ;  in  4  the  front?  rake  is  less 
than  nothing  and  the  keenness  is  largely  dependent  on  the  back  edge. 
Fig.  7  is  recommended  for  heavy  saws  for  general  purposes. 
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This  has  a  rake  to  the  front  of  the  point,  and  yet  the  tendency  to 
spring  in  is  corapen.sated  Ijy  the  backward  inclination  of  the  whole 
tooth  ;  and  tlie  cutting  edge  is  well  supported.     There  is  ample  dust 


Fiff.  S.    Spread  Set. 

room ;  the  rounding  corners  give  strength  and  immunity  from  crack- 
ing and  prevent  dust  lodging.  The  Ijacl-CM'ard  inclination  (as  in  a 
planer  tool)  prevents  spring  or  chatter. 

We  may  now  consider  briefly  the  question  of  Setting,  or  bending 
the  teeth  laterally,  alternately  to  the  right  and  left ;  partly  M'itii  a  view- 
to  decreasing  friction  and  increasing  clearance,  and  partly  to  increase 
the  cutting  action  of  the  teeth,  and  make  them  cut  rather  than  abrade. 
(The  earlier  nations  bent  the  points  of  a  dozen  or  so  of  adjacent  teeth 
to  one  side,  and  those  of  the  next  group  to  the  other.) 

"  Sivaging,"  is  another  operation  having  the  same  objects — giving 
clearance,  preventing  binding  and  heating,  and  giving  increased  keen- 
ness to  the  teeth.  In  this  operation  each  tooth  is  npset  or  widened  at 
its  point  so  as  to  project  beyond  the  blade  at  each  side ;  differing  in 
this  respect  from  .spring  setting.     See  Fig.  8. 


Fig.  9.    Spring  Set  and  Side  Angle. 


Swaging  or  upsetting  is  especially  beneficial  for  .soft  steels  and  for 
saws  used  in  soft  w^ood,  as  it  condenses  and  hardens  the  metal. 


:i'2 
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[Jour.  Frank.  Inst., 


in  c(jiiiioctlon  with  .sprin<^  set  must  be  inentioiied  side  or  cross 
(iiKjlc;  a  bevel  or  "  fl(uuu  "  given  the  edge.s  and  materially  affecting 
their  ,sharpne.ss  and  the  angle  at  which  they  receive  the  strain  of 
work  ;  as  also  their  retaining  their  keenness  and  set. 

.Fig.  9  represents  the  magnified  teeth  of  a  common  hand  saw  w  itii 
sj)ring  set. 

The  front  edges  have  a  bevel  which  throws  the  strain  at  right  angles 
to  the  plane  of  that  face  (as  shown  by  the  arrows).  The  tendency  is 
to  throw  the  tooth  in  the  direction  of  its  set;  and  any  one  tooth  hav- 
ing more  spring  set  than  the  others  will  take  undue  work  ;  will  dull 
sooner  and  then  spring  aioay  from  its  duty,  les.sening  the  set  and  caus- 
ing friction  and  heating. 


Fi{/s.  10  and  11.    Keyhole  Saws. 


A  tooth  without  fleam  or  .side  angle,  Fig.  7,  has  no  side  strain,  other 
than  that  due  to  the  spring  set.  This  fleam  or  cross  angle  decrea.ses 
with  the  thickness  of  the  blade ;  hence  while  not  fit  for  heavy  saws 
is  proper  for  hand  saws,  which,  also,  have  a  slow  duty.  It  is  better 
for  soft  woods,  Avhich  are  free  from  knots,  than  for  hemlock  or  spruce, 
the  hard  knots  of  which  would  break  fleamed  teeth. 

Referring  to  Fig.  6,  tooth  1  would  buckle  and  bend  if  given  any 
spring  set ;  3,  even  if  excessively  long,  would  admit  of  ample. 


^A'/AV>J.tWi^W.,v.lr;'V,^^v.^v.v;.^^^\'^/,^^|.V.«v.V^v.'/.',^^v.^v.VA'A 


•ffllii^^ 


Fiffs.  12  and  13.    JajHinese  Saws, 

While  the  teeth  remain  sharp,  spring  set  tends  to  increase ;  when 
dull,  to  decrease. 
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Even  setting  cannot  be  over-rated  in  importance.  The  tendency  of 
set  is  to  come  back.  Hence  it  is  sometimes  best  to  first  overset,  then 
spring  back.  The  setting  slionld  not  be  at  a  sharp  angle  but  on  a 
curve. 

Even  Swaging  is  as  important  as  even  spring  set.  A  saw  with  the 
teeth  spread  tlie  full  width  of  the  kerf  will  stand  more  feed  than  if 


Fig.  14.    Boijnton's  M  Tootli, 

each  alternate  tooth  be  bent  for  the  set.  Of  the  fifteen  saws  tested  at 
the  National  Sawing  Contest  at  Cincinnati,  1874,  wc  believe  that  not 
one  was  "  spring  set." 

The  smaller  the  saw  the  greater  the  advantage  of  spread  over  spring 
set. 

The  operations  of  sharpening,  setting,  and  SM'agiiig  are  described  in 
detail  in  appendices  to  the  present  work. 

Metals,  bone,  and  hard  fine-grained  woods,  require  small  teeth  a\  ith 


Fig.  15.  Front  Eilge  View,  show  iug  two  Points  of  M  To<jth  dressed  to  cut  in  line  on  one  side  and  two  tlie  other 

little  or  no  set ;    ice,  and  soft  coarse-grained  Avoods  require  them  large, 
widely  spaced,  acute  angled,  and  much  set. 

Wet  wood  is  softer  and  more  easily  cut  than  dry,  but  requires  a  keener 
and  coai'ser  set  saw,  giving  greater  waste.  Gummy  and  resinous  mate- 
rials and  ivory  require  very  keen  teeth  and  slow  speed,  to  avoid  the 


Fig,  16.    Shotvinff  Sjmce  occtijned  by  M  Tooth. 


dust  being  softened  and  made  adhesive — which  tendency  is  lessened  by 
greasing  the  blade. 

Table  1  shows  the  adaptability  of  various  shapes  and  sizes  of  teeth 
to  different  work. 
Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixxix.)  3 
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A.s  rc'»ranls   the  fjiicstioii  of  pnlluK/  or  ijushiiif/  cut,  tho.sc  of"  us  who 


l'"i{/,  IT.     Double  Cuttiiuj  Action  oftA  Tooth  Hand  Sftir. 

have  smiled — j)erhaps  aiKlii)ly — at  the  Japanese  with  their  baekward 
workinu;  .saw.s,  shoiikl  hear  one  thing-  in  mind  before  condemning  i)i  toto 
tljo  inilling  cut — that  for  keyhole  or  any  other  flcxible-bladed  saw.s,  the 
biMjkward  or  pulling  out  i.s  the  l)e.st;  and  our  own  usage  with  that 
exas|)erating  in)plement  the  keyhole  .saw,  is  much  more  ludicrous  and 
unphilosophical  than  the  pulling  out  of  the  Xiphonese. 

Figs.  10  and  11*  show  the  common  or  incorrect,  and  also  the  correct 
mode  of  placing  the  teeth  of  keyhole  .>^aws. 


Fig.  IS.     ''Lifjhtnina"  Teeth. 

The  Japanese  saws  are  shown  in  Figs.  12  and  13. 


*  From  Polytechnic  Review. 
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The  M  tooth  may  be  classed  among  those  liaviug  no  front  rake ; 
but  ingeniously  arranged  so  as  to  cut  upon  both  strokes.  Upon  the 
same  base  as  the  ordinary  V  tooth  are  erected,  in  the  same  line,  two  teeth, 
or  a  double  tooth ;  an  M,  in  fact,  with  cutting  edges  fore  and  aft ;  its 
adjacent  neighbor  being  alike  M-shaped  and  sharpened  on  all  edges, 
but  generally  both  beveled  and  set  oppositely.  It  may  be  said  to  do  the 
same  work,  and  have  the  same  strength,  as  a  tooth  with  no  front  rake ; 
but  in  the  same  space  arranges  for  a  cut  jireclsely  as  though  the  sa\\' 
had  been  reversed.  The  M  tooth  is  sometimes  expressed  as  in  Fig.  14. 
As  the  /\  angle  in  the  ordinary  M  Avould  be  difficult  to  keep  sharp, 
and  ruinous  to  file-corners,  it  is  now  furnished  by  Boynton  with  a 
gullet,  making  it  very  economical  of  files  and  ensuring  keen  edges. 
The  M  teeth,  which  are  veritable  cutting  edges,  are  edged  on  an  oil- 
stone, after  filing.  A  variation  of  the  M  tooth  lias  its  front  edges 
raking  backward,  while  it  is  still  a  double  tooth;  and  we  may  style 
this  the  "  ^y  tooth." 

One  important  feature  in  the  construction  of  some  hand  rip  saws 
and  mill  saws  is  that  they  have  coarser  teeth  at  the  heel  than  at  the 
point,  so  that^fine  teeth^  commence  and  coarse  ones  finish  the  cut. 
Fine  teeth  cut  at  the  outset  more  smoothly  than  coai-se  ones,  but  as 
soon  as  they  become  clogged  with  sawdust  they  lose  their  efficiency  to 
a  great  degree.  As  this  partial  clogging  becomes  more  troublesome  at 
the  latter  end  of  the  stroke  this  "  increment  tooth  "  arrangement  (simi- 
lar in  principle  to  the  increment-toothed  file  so  favorably  known)  brings 
the  larger  teeth  into  playjust  where  they  are  needed,  and  while  obviating 
the  rank  tearing  of  coarse  teeth  at  the  commencement  of  tlie  cut, 
reduces  the  amount  of  splintering  at  the  bottom  of  the  kerf.  This 
arrangement  also  makes  the  saw  strongest  at  the  heel  and  lightest  at 
the  point.     See  Fig.  19. 


Fig.  19.    Andrews'  Incretnent^Tootlied  Mill  Saw, 

The  Reciprocating  Rectilinear  saw  has  many  varieties.     It 
may  be 
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(1)  stniiiicd  in  ii  tVaiiio   or  sasli,  aiul   guided  on  both  strokes,  while 
cnttint;-  on  one  only  ; 

(2)  g'uided  at  botli  ends  hut  not  strained  ;  pull  cut; 

(3)  free  at  one  end,  with  jtull  cut ; 

(4)  free  at  one  end,  push  cut ; 

(5)  free  at  one  end,  cutting  on  hoth  strokes; 

(6)  strained  in  a  sash,  guided  on  both  strokes,  and  cutting  on  both  ; 

(7)  unguided  at  cither  end ;  handle  at  each  end,  and  cutting  on  one 
stroke ; 

(8)  unguided  at  either  end ;  handle  at  each  end,  cutting'  on  both 
strokes ; 

(9)  strained  bv  a  weight  at  one  end,  cutting  on  one  stroke; 

(10)  strained  by  a  spring  at  one  end  ; 

(11)  strained  by  a  spring  frame. 

The  Single  Sash  Saw  is  now  out  of  date  in  this  country ;  being  rap- 
idly supei"seded  by  the  mulay  and  circular.  A  mulay  with  the  same 
power  applied  will  do  nearly  double  the  quantity  of  work,  owing  to 
its  greater  lightness  and  speed. 

A  single  sash  saw  will  make  150  to  200  strokes  per  minute  and  cut 
about  -|-  inch  in  hard  and  1  inch  in  soft  wood,  at  each  stroke.  It  is 
generally  5  to  9  gauge. 

Fig.  20  is  a  form  of  mill-saw  tooth  (Hoe  &  Co.) 

But  while  the  single  sasli  saw  cannot  compete  with  the  circular  iit 
speed  of  cut  or  quantity  of  lumber  turned  out,  the  gang  sash,  having- 
several  blades  strained  in  one  frame,  has  a  greater  collective  speed  and' 
capacity;  and  in  the  form  of  the  "deal-frame"  used  in  England  to- 
resaw  squared  logs,  is  one  of  the  most  effective  of  all  saws ;  making 
little  kerf,  having,  a  high  speed,  and  cutting  many  boards  simultane- 
ously ;  while  gang-sawed  lumber  brings  a  higher  price  than  that  from 
circulars. 

Fig.  21  shoNvs  one  of  the  most  improved  American  gang  sash 
machines.  The  sash  is  38  inches  wide  and  contains  26  saws  each  4|y 
feet  long  and  9  inches  wide,  Xo.  14  gauge;  teeth  1\  inches  from  point 
to  point  and  the  same  depth,  swaged  to  cut  a  kerf  but  3%  inch  wide. 
The  "cant"  is  from  10  to  25  inches  deep,  the  stroke  19  inches  and  the 
speed  225  revolutions  (and  consequently  full  cuts)  per  minute,  at  a  feed 
varying  from  |  to  1  inch  each  cut,  according  to  the  kind  of  timber. 
The  machine  is  run  by  a  double  belt  20  inches  wide  over  a  driving  ' 
pulley  4|  feet  diameter,  requiring  an  engine  of  16  inches  bore,  20  inches 
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stroke,  making  175  revolutions  per  minute  at  60  lbs.  pressure.  The 
.•average  capacity  is  70  M  feet  of  one  inch  lumber  per  day  of  ten  hours 
— although  it  may  be  worked  up  to  90  M  in  the  same  time. 


Fig.  20.    Mill-Saw  Tooth. 

The  gang  sash  requires  le,ss  labor  to  produce  1000  feet  of  lumber 
than  the;  'circular  does.     It  works  best  in  connection  Avith  a  large  cir- 
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cuhir  which  .slahs  the  hirge  logs  into  cunts  for  it.  Tlie  small  logs  had 
best  he  left  to  a  small  circular  to  saw  into  Ijcjards,  scantling  or  other 
^mall  timber.  This  gives  the  gang  continuous  work  on  timber  worthy 
of  it. 

A  gang  making  240  strokes  per  minute  will  take  alx)ut  5  to  |  inch 
feed  per  stroke  in  12  inch  cants,  i.  e.  from  1  to  3  inches  per  second,, 
according  to  the  timber.  The  blades  are,  as  a  rule,  made  narrower  at 
the  ends  than  in  the  center.  They  are  generally  8,  9  and  10  inches- 
wide,  from  10  to  1(J  gauge. 

The  thinnest  saws  possible  with  a  fast  gang  are  fifteen  gauge. 

The  principal  advantage  of  the  gang  is  the  extreme  regularity  in 
thickness  of  the  boards  it  makes. 

The  Miilay  or  Muley  Saic  (probably  named  from  the  German  3Iuhl- 
sdge,  mill-saw)  comes  under  the  head  of  blades  guided  at  both  ends  but 
inistrained.  It  has  a  pull  cut  and  ver}'  rapid  cutting  speed,  exceeding 
in  this  respect  the  sash  saw',  which  by  reason  of  the  inertia  of  the 
frame  is  more  limited  in  speed.  Its  use  is  mainly  in  the  Western 
States  of  America  ;  and  it  is  in  its  inception  essentially  bold  and  Amer- 
ican. There  being  but  little  of  the  blade  exposed  unguided,  its  use  at 
high  speed  is,  however,  quite  safe. 

The  mulay  saw  for  logs  is  generally  10  to  12  inclres  wide  and  ^  inch 
thick,  and  making  strokes  of  20  to  24  inches  at  the  rate  of  from  300- 
to  400  revolutions  per  minute,  giving  a  cutting  speed  of  about  600 
feet  per  minute.   . 

Mulay  saws,  when  first  introduced,  were  full  ^  inch  thick.  Xow 
they  are  in  use  only  ^  inch  thick — but  generally  are  No.  7  gauge  or 
-^  inch  thick. 

The  length  of  stroke  for  some  log-cutting  mulays  7  feet  long  is  28^ 
inches ;  number  of  strokes  200  to  225  per  minute. 

The  mulay  jig  (Fig.  22)  is  perhaps  the  best  for  soft  wood. 

A  "  smart  mulay  saw^ "  making  350  to  400  strokes  per  minute  will 
cut  ordinarily  %  inch  hard  and  |  inch  soft  wood  at  each  stroke. 

Mulays  are  almost  always  the  same  width  heel  and  point.  A  cor- 
respondent writes  :  "  Some  years  ago,  a  part}'  in  Auburn,  iST.  Y.,  took 
out  a  patent  for  a  mulay  mill  that  used  a  tapered  saw  wider  at  the 
top  than  it  was  at  the  bottom,  but  it  was  a  failure." 

Mulay  gang  and  mill  saws  were  formerly  made  thicker  on  the  front 
edge  than  on  the  back ;  but  for  some  years  past  they  have  been  given 
the  same  thickness  on  both  edges. 


Fig.  22.    Fay's  Mulay  Scroll  Saw, 
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The  mulay  scroll  saw  shown  in  Fifj^,  23  has  a  3  inch  stroke,  and 
makes  1000  to  1500  revohitions  per  niiimte,  reeeivinj^  its  ])ower  throug'h 
a  3  ineh  belt  on  a  puHey  6  inches  diameter. 


The  Drag  Saw,  as  its  name  implies,  cuts  on  the  pulling  stroke. 
It  is  unstrained  and  uiiguided  at  the  free  end ;  and  is,  in  fact,  the 
Jajmnese  hand  saw,  ])ower  driven' and  guided  at  the  butt.  Its  stiifness 
Ls  of  course  greater  than  that  of  a  mulay  of  the  same  thickness ;  and 
it  may  be  made  thinner  for  the  same  duty.  Its  use  is  mostly  limited 
to  cross  cutting  felled  logs  and  ship  timbers;  though  more  recently 
ihere  has  been  brought  out  by  A.  Ransomc  &  Co..  TamuIou,  England, 
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au  admirable  horizontal  adaptation  of  it  to  felling  trees.  (Figs.  23 
and  24.) 

The  butting  or  drag  saw  is  7  to  8  inches  Avide  at  butt,  5  to  (i 
inches  at  point,  and  10  gauge. 

It  is  given  mill  teeth  if  intended  to  be  used  as  a  drag  saw  proper — 
that  is,  cutting  on  the  pull  stroke  only;  but  if  intended  to  cut  on  both 
strokeSj  it  is  given  cross-cut  teeth. 


Fit/.  25.    Uiag  Saw  Teeth  f'oi-  Firewood. 

For  farmers'  use  drag  saws  are  4|  to  0  feet  long,  and  tapered  from 
7  to  5  inches ;  stroke  40  to  60  per  minute.  In  shingle  mills  they  are 
much  heavier,  and  run  80  to  120  strokes  per  minute ;  are  5|  to  8  feet 
long;  sometimes  tapering  from  10  to  6  inches  and  sometimes  10  to  12 
inches  wide  throughout. 

Drag  saws  for  firewood  arc  generally  made  with  a  tooth  such 
as  shown  in  Fig.  25.  When  the  cutting  is  done  on  the  pull  stroke, 
thinner  blades  may  be  used  than  with  double  cutting  saws ;  but  the 
latter  will  saw  smoother,  and  are  used  in  drag  sawing  logs  for  shingle 
bolts,  because  it  is  desirable  to  make  the  edges  of  shingles  as  smooth 
as  possible. 


Coquillion's  Grisoumetre. — This  apparatus  is  designed  to  show, 
at  all  times,  whether  tliere  is  enough  fire-damp  in  a  mining  shaft  or 
gallery  to  be  dangerous.  The  report  of  the  engineer's  of  the  Aniche 
Mining  Company  states  that  an  experiment  of  five  minutes'  duration 
revealed  the  presence  of  one-quarter  of  one  per  cent,  of  the  deleterious 
gas.  This  remarkable  delicacy  has  attracted  the  general  attention  of 
mining  engineers  in  France  and  Belgium,  Whatever  improvements 
may  be  made  hereafter  in  the  apparatus,  the  inventor  will  always  l)e 
entitled  to  great  credit  fcjr  his  fearless  exposure  to  the  dangers  of  explo- 
sion while  jiursuing  his  investigations. — Les  Mondes.  C 
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CORBIX  AND  GOODRICH 

AND 

THK  JiCJlLEKS  OF  MR.  CAMPBELL. 


Bv  W.  Baknet  Le  Van. 


Tlie  Deccmlx'i-  JoritxAL  of  the  Fkaxklix  Ixstitutk  contaiii.s 
Mil  article  on  "Steam  Boiler  Explosions,"  in  whicli  I  am  referred  to 
as  the  exjH'rt  employed  Ijy  Mr.  George  Cam})ljell  to  design  l)oilers  for 
his  mill  at  21.st  and  Wa.shington  avenue. 

On  page  399  of  said  Journal,  commencing  at  14tli  line  from  the 
top,  the  following  will  l)e  found  : 

'^We  are  very  glad  that  he  (Mr.  Xystrom)  has  seen  fit  to  n^fer  to 
his  report  on  the  boilers  built  for  Mr.  George  Campbell,  as  events 
have  transpired  subsequent  to  that  report  which  show,  beyond  ques- 
tion, what  the  result  of  his  inspection  led  to.  The  boilers  were  built 
by  the  Baldwin  Locomotive  Works,  according  to  specifications  fur- 
nished by  Mr.  W.  Barnet  Le  Van,  who  was  employed  by  Mr.  Camp- 
bell as  an  expert  for  that  purpose.  The  boilers  were  of  the  type 
known  as  horizontal  tubular  boilers,  the  lower  cylinders  being  54 
inches  in  diameter  and  containing  50  4-inch  tubes;  the  upjier  cylin- 
ders were  30  inches  in  diameter,  and  they  were  connected  by  two  12- 
inch  necks.  ,^Mien  the  boilers  were  finished  and  our  inspectors  were 
called  in,  preparatory  to  insurance,  it  was  found  that  the  upper  row 
of  tubes  in  the  lower  boiler  came  within  8|  inches  of  the  top.  Alloy- 
ing for  4  inches  qf  water  above  the  tubes,  the  surface  for  disengaging 
steam  was  so  snmll  that  it  was  apparent  to  its  that  nothing  could  keep 
the  water  at  an  even  height,  or  jwevent  it  from  being  driven  altogether  out 
of  the  loiver  boiler  at  times.  We  immediately  declined  to  insure  the  boil- 
ers, and  so  informed  Mr.  Campbell,  who,  naturally  desiring  further 
light  upon  the  subject,  referred  the  matter  to  various  experts,  and 
among  those  .so  consulted  was  Mr.  Ny.strom." 

On  page  400,  fifth  line  from  bottom,  and  on  page  401,  is  the  fol- 
lowing : 

"Now,  what  wtus  tJie  result?  Encouraged  by  such  teaching  as  the 
above,  j\Ir.  Campbell  was  induced  to  put  in  two  of  the  boilers  at  first 
constructed  under  ]\Ir.    Le  Aran's  specifications,  and  when  they  were 
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Hred  up  the  eiFect  was  precisely  tliat  foretold  by  our  inspector,  and  the 
icater,  instead  of  showing  a  variation  of  an  inch,  as  stated  by  Mr.  N.,. 
a  \2-inch  glass  gauge  teas  not  long  enough  to  keep  track  of  it,  and  no- 
amount  of  persuasion  could  keep  the  tvater  in  the  hirer  boiler  lohen  fired 
as  originally  intended.  After  .several  ineffectual  attempts  to  remedy  the 
fatal  defects,  the  boilers  loere  placed  in  the  hands  of  the  Hartford  Boiler 
Insurance  Company  for  such  reconstruction  «.s  ice  thought  necessary  to- 
make  them  icork  satisfactorily. 

"At  our  direction  the  Le  Van  boilers  were  entirely  overhauled,  chang- 
ing their  length  to  18  feet  instead  of  14,  and  putting  in  28  4|-inch 
tubes,  leaving  a  clear  space  of  18  inches  from  top  of  tubes  to  .shell  of 
boiler.  A\^e  also  enlarged  the  necks,  to  save  putting  a  man-hole  on 
the  top  of  the  lower  boiler.  It  was  at  this  ])oint  that  we  stipulated 
irhat  thickness  of  material  should  be  used  in  the  necks." 

Portions  of  the  extracts  arc  printed  in  italics  for  the  j)urposc  of 
easy  reference. 

The  following  statement  sets  forth  the  exact  facts  in  the  al)ove 
matter : 

In  the  fall  of  1878  ]Mr,  George  Campbell  invited  mc  to  fnrnish  him 
with  a  working  drawing  of  boilers  for  his  mill  at  21. st  and  Washing- 
ton avenue,  in  this  city.  The  space  to  receive  them  at  that  time  was^ 
17  feet  in  width  by  18  feet  in  length,  and  the  power  required  was  30O 
horse  power.  On  plotting,  I  found  that  for  three  boilers  the  largest 
diameter  that  could  be  employed  in  the  space  was  54  inches,  and  the 
greate.st  length  14  feet,  and  to  develop  100  horses  through  his  Corlisi?- 
engine  each  boiler  would  require  50  flues  four  inches  in  diameter. 

Plans  were  submitted  by  others  in  addition  to  those  of  my.self. 

On  or  about  the  first  of  May,  1879,  Mr.  Campbell  informed  me  he 
had  examined  all  the  plans  of  boilers  submitted,  and  that  Mr.  Pike^ 
the  inspector  of  the  Hartford  Boiler  Insurance  Company,  had  exam- 
ined them,  and  he  had  concluded  to  adopt  the  plan  of  boiler  furnished 
by  me,  and  Mr.  Campbell  requested  me  to  draw  up  specifications  so 
that  he  might  have  estimates  for  building  them,  subject  to  the  inspec- 
tion of  Mr.  Pike. 

Several  bids  were  received  from  prominent  boiler  makers,  and  after 
accepting  my  proposition  the  boilers  were  ordered  to  be  built  by  the 
Baldwin  Locomotive  Works. 

They  immediately  proceeded  to  build  them,  and  during  their  con- 
struction the  Hartford  Boiler  Insurance  Company  Avere  notified,  so 
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that  their  Mr.  Pike  mi<i:ht  inspect  thoni  in  detail.  Mr.  Pike  met  me 
at  the  Baldwin  Jiocoinotive  Works  several  times  dnrin^;  their  constrac- 
tioii,  and  when  the  first  boiler  was  ready  to  receive  the  water  test,  Mi'. 
Pike  was  again  notified,  and  was  present,  as  he  also  was  wIkmi  the 
first  and  second  boilers  were  under  pressure  of  botli  wat<!r  and  steam 
at  JJaldwiu  Locomotive  Works. 

No  objection  teas  made  by  him  up  to  fJii-s  time  as  fo  materia/,  imr/c- 
manship  or  design. 

Before  the  third  boiler  was  ready  for  a  water  test,  the  AV^ilt  ct  8on'.- 
boiler  explosion  occurred,  and  the  writer  was  subpoenaed  as  an  expert 
by  the  coroner  of  this  city  to  testify  in  reference  to  the  cause  of  this 
■explosion.  The  boiler  at  AVilt  &  Son's  mill  was  insured  by  the  Hart- 
ford Boiler  Insurance  Company,  and  was  under  Mr.  Pike's  inspection. 

In  July,  1879,  the  thitd 'boiler  was  finished,  and  Mr.  Pike  was 
iigain  notified  to  be  present,  dnd'  at  this  trial  he  for  the  first  time 
■informed  me  that  he  could  not  insure  these  boilers  for  (in  substance)  the 
following  reasons : 

1st.  That  they  did  not  have  sufficient  outlet  from  the  flue  shell  of 
the  boiler  to  the  steam  drum;  that  two  12-inch  necks  were  not  of 
i?ufficient  capacity  for  the  proper  discharge  of  the  steam  generated ; 
that  these  necks  should  have  been  /b;(/'  in  numl^er,  each  12  inch  diame- 
ter, in  place  of  two  as  now  constructed. 

2d.  That  there  was  not  sufficient  surface  of  water  for  disengaginjj; 
«>f  the  steam,  and  that  the  icater  would  be  driven  out  of  the  lower  boiler 
into  the  steam  drum,  and  that  therefore  thei/  loould  not  be  safe  to  use  as 
at  present  constructed,  and  that  before  he  would  consent  to  insure  them 
he  would  insist  on  the  two  fop  roits  of  flues  being  taxen  out. 

This  was  a  complete  surprise  to  nie,  as  ho  objeetious  to  the  mode  of 
•(construction  had  been  made  by  him  or  any  other  person  prior  to  this. 
I  at  once  consulted  with  several  prominent  boiler  engineers,  none  of 
whom  agreed  in  opinion  with  Mr.  Pike. 

After  a  few  days  I  again  met  Mr.  Pike,  and  then  he  informed  me 
he  would  withdraw  his  objection  in  regard  to  the  number  of  necks  if 
I  would  increase  their  diameter  to  16  inches  in  place  of  12  inches  as 
310W  constructed,  but  he  still  insisted  on  the  removal  of  the  two  top 
rows  of  flues  as  before  stated ;  that  he  had  written  to  the  home  office 
in  regard  to  these  boilers,  and  that  Mr.  Allen,  the  President,  in  reply 
had  left  the  matter  entirely  in  li's  discretion  to  do  as  he  thought  fit, 
and  therefore  that  the  above  was  his  ultimatum,  as  his  reputation  was 


Jan.,  1880.]  L^  Van— Steam  Boilers.  45- 

at  .stake,  aud  that  the  Company  would  rather  lose  the  insurance  than 
take  a  risk  on  the  boilers  as  then  constructed. 

Mr.  Campbell,  after  hearing  the  opinion  of  other  engineers  coincid- 
ing witli  mine,  .said  he  was  satisfied,  but  would  like  to  have  them 
examined  on  his  own  account,  in  which  wish  I  concurred. 

He  also  requested  me  to  furnish  him  with  the  names  of  a  number 
of  engineers  who  were  experts  in  this  matter,  from  which  he  could 
select  one  or  two  to  give  him  a  written  opinion,  which  I  did. 

From  the  names  so  furnished  he  selected  Messrs.  Edward  Long,- 
streth  aud  John  AV.  Xystrom,  and  on  their  written  report  he  ordered 
tlie  two  boilers  now  finished  to  be  erected. 

After  being  erected  the  Hartford,  Boiler  Insurance  Company's 
inspector,  Mr.  Pike,  refused  to  pa.ss  them.  Mr.  John  Overn,  the  City's 
Boiler  Inspector,  was  then  notified  and  the  above  facts  were  related  to 
him  and  he  at  once  inspected  them  in  person,  and  authorized  Mr. 
Campbell  to  have  them  put  in  operation. 

When  first  fired  up  they  foamed  badly  on  account  of  the  grease  and 
oil  left  on  their  surfaces  in  the  course  of  manufacture.  Foaming 
occurs  more  or  less  in  all  new  boilers. 

During  their  first  staiming  and  from  the  necessity  of  keeping  the 
mill  in  full  operation,  consequent  upon  extensive  alteration.s,  these 
boilers  were  forced  over  their  capacity,  as  they  had  at  times  to  drive 
one-half  the  work  of  the  n\ill  and  the  shafting  also,  the  power  recpiired 
to  do  which  wa.s  never  less  than  225  horse-power,  and, at  times  250; 
whilst  the  boilers  were  designed  for  only  100  horse-power  each.  This 
will  account  for  the  variation  of  the  water-level  referred  to. 

When  the  boilers  first  ordered,  were  nearly  completed  Mr.  Camp- 
bell enlarsj-ed  the  boiler  room  so  that  it  could  then  accommodate  lonjjer 
boilers  than  14  feet ;  he  also  increased  the  number  ordered,  fii-st  to  four, 
then  to  five,  in  place  of  three  as  at  first  contemplated. 

During  Mr.  Campbell's  absence  from  the  city  the  Hartford  Boiler 
Insurance  Company  induced  the  Superintendent  of  the  mill  to  change 
the  other  three  boilers  (one  of  which  was  finished  but  not  erected)  to 
18  feet  in  length  instead  of  14,  and  reduce  the  number  of  flues  to  28 
four  and  one-half  inch  flue.s,  by  which  alteration  the  power  of  the 
boilers  was  reduced  20  per  cent.,  and  also  to  increase  the  diameter  of 
the  necks  to  16  inches  diameter  in  place  of  12  inches,  tliereby  decreas- 
ing the  strength  of  the  boilers  about  25  per  cent. 

When  the  Superintendent  directed  a  change  to  be  made  in  the  third 
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and  I'uiirth  boilers,  which  were  completed  but  not  erected  in  l>rick 
work,  I  protested,  hut  without  avail.  Directions  having  been  given  to 
make  the  change,  I  then  desired  that  the  necks  should  be  made  of 
metal  one-half  inch  thick,  in  (jrder  to  compensate  for  the  decrease  of 
strength  caused  by  cutting  holes  18  inches  in  diameter  for  the  accom- 
modating of  the  larger  necks  ordered  to  be  put  in.  This  wtus  con- 
sented to  by  Mr.  Pike  and  the  Superintendent  of  the  mill  at  the  time 
the  order  was  given  to  the  Baldwin  Locomotive  Works.  The  next 
morning  Mr.  Pike  called  at  Baldwin's  and  clicuu/ed  the  order  from 
one-half  inch  in  thickness  for  the  necks  to  three-eighths  in  thickness,  stat- 
i no- that  if /<«//*  incJi  in  thickness  Avas  used  he  would  not  insure  the 
boilers. 

This  alteration  of  the  order  I  was  not  aware  of  until  several  days 
had  elapsed;  the  plates  had  been  ordered  by  telegraph  to  be  made  at 
the  Otis  Steel  ^\'orks,  Cleveland,  Ohio,  and  were  probably  completed. 

The  assertions  made  by  Corbin  and  Goodrich,  Agents  of  Hartford 
Boiler  Insurance  Company,  in  their  communication  in  the  December 
number  of  the  Journal  of  the  Franklix  Institute,  herein  quoted 
from  pages  399,  400  and  401,  are  not  true,  and  are  calculated  to  injure 
the  writer  by  the  false  impressions  they  tend  to  produce,  making  it 
projicr  for  me  to  set  forth  the  facts  as  they  actually  occurred. 

The  two  boilers  first  built  were  constructed  in  exact  accordance  with 
my  designs,  and  without  any  alterations;  they  were  set  in  brick  work 
in  the  boiler  room  in  the  mill,  and  then  fired  up  and  put  into  service, 

Theae  boilers  are  still  in  service,  and  have  been  since  September  5th, 
1879,  unchanged  in  construction,  and  giving  entire  satisfaction. 

Moreover,  I  have  been  informed  by  Mr.  Campbell  that  they  have 
been  recently  insured  by  the  Hartford  Boiler  Insurance  Company, 
notwithstanding  the  statements  that  have  been  published  by  that  com- 
pany in  this  journal. 

Furthermore,  I  have  been  informed  by  the  engineer  of  ]Mr.  Camp- 
bell, in  the  presence  of  Mr.  John  Overn  (Chief  Boiler  Inspector  of 
this  City)  and  of  Mr.  Edward  Longstreth,  of  the  Baldwin  Locomo- 
tive Works,  that  he  had  no  trouble  whatever  in  maintaining  a  steady 
water-level  in  these  boilers,  and  that  when  the  engine  was  stopped 
suddenly  the  Avater  never  fell  in  the  glass  water  gauge  over  one  inch. 

To-day,  December  24th,  1879,  I  met  Mr.  Pike  at  Mr.  Campbell's 
mill,  and  he  corroborated  Mr.  Campbell's  statement  in  regard  to  insur- 
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iiig  tlie  two  first  boilers  erected  by  me,  and  wliicli  they  had  at  first 
refused  to  insure. 

In  conchision,  I  desire  to  call  attention  to  the  quotations  from  the 
December  Journal,  which  I  have  italicized,  and  to  show  the  incon- 
sistency of  the  statements  of  the  agents  of  the  Hartford  Boiler  Insur- 
ance Company,  regarding  the  boilers  in  question,  with  the  action  of 
the  company  in  insuring  the  same. 


THE  WIRE  BOOK  SEWIXG  MACHINE. 


By  H.  JJiLGKAM,  M.E. 

Roiul  before  tlic  Franklin  Institute  at  its  meeting,  October  lotli,  1879. 


The  most  iiupurtani  step  forward  that  has  lately  been  made  in  book 
binding  is  undoubtedly  the  substitution  of  wire  for  thread.  A  machine 
for  sewing  books  with  wire  was  recently  exhibited  at  a  meeting  of  the 
Franklin  Institute,  wliere  several  books  were  sewed  before  the 
audience. 

The  princi])le  of  this  machine  consists  in  producing  a  number  of 
U-shaped  wire  staples,  which  are  driven  from  the  inside  of  each  sec- 
tion of  the  book  through  the  back  and  through  one  wide  or  several 
narrow  bands  of  a  strong  linen  or  cotton  fabric,  whereupon  the  ends 
projecting  through  the  back  are  clinched  over,  and  thus  a  firm  connec- 
tion between  the  sheets  of  the  section  themselves  and  the  band  or 
bands  covering  the  back  of  the  book  is  produced.  The  machine  fast- 
ens a  section  at  each  revolution  of  the  main  shaft,  and  can  be  run  at 
40  to  43  revolutions  per  minute.  The  book  sections  are  fed  by  the 
operator,  partly  opened,  upon  a  table  which,  by  an  oscillating  motion, 
brings  the  sheet  in  position  to  be  sewed.  By  an  adjustable  downward 
feed  of  the  table  on  which  the  book  is  sewed,  the  sections  can  be  sewed 
tight  or  loose,  to  suit  the  degree  of  "  backing"  in  the  subsequent  for- 
warding of  the  book. 

The  ])rincipal  merits  of  this  mode  of  binding  books  are  strength, 
durability  and  flexibility,  besides  the  saving  of  labor,  as  an  operator 
can  turn  out  as  much  Avork  on  one  of  these  machines  as  from  five  to 
eight  operators  can  do  by  hand.  Greater  strength  is  given  by  the 
several  sheets  of  eacli  section  being  clamped  firmly  between  the  back 
and  the  clinched  legs  of  the  wire  staple  while  the  thread  in  thread- 
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sewed  honks  holds  the  eentre  sheet  only  by  the  edges  of  tiie  cuts 
through  wJiieh  the  thread  passes.  If  the  inner  sheet  of  any  section  of 
a  thread-hound  hook  he  torn  out  by  force,  the  thread  cuts  its  way 
through  the  fold  of  the  slieet;  while  in  a  wire-sewed  book  the  sheet 
will  tear  in  a  tlouhle  line,  leaving  a  small  strip  of  paper  undenieath 
the  wire  staple.  This  simple  test  proves  at  once  the  superior  strength 
of  a  wire-sewed  book. 

The  firmness  of  a  wire-sewed  book  is  not  so  mucii  dependent  on  the 
iiluiny;  ol"  the  back  as  is  the  case  with  a  thread-bound  book.  The 
inner  sheet  of  any  thread-bound  book  is  held  in  position  by  the  glue 
in  the  se\'eral  saw-cuts ;  for  if  this  connection  is  carefully  severed 
witlK)Ut  injuring  the  thread  connection,  the  sheet  can  be  moved  up  and 
down  as  much  as  the  thirty-second  of  an  inch,  while  nothing  short  of 
actual  tearing  of  the  paper  can  make  the  corresponding  sheet  of  a 
wire-sewed  book  move  through  the  same  distance. 

Rusting  of  the  iron  ware  is  effectually  guarded  against  by  tinning  it. 

Increased  flexibility  is  insured  by  the  diminished  thickness  of  the 
flexible  back  of  the  book.  In  the  old  way  of  binding,  the  flexible 
connection  of  the  several  sections  of  the  book  is  represented  by  two  or 
more  comparatively  thick  strands  laid  in  the  saw-cuts  on  the  back  of 
the  book,  and  held  there  by  the  thread  passing  round  them ;  while  on 
tlic  wire-sewed  books  the  corresponding  connection  extends  over  the 
greater  part  of  the  back,  and  is  not  only  much  thinner  and  more  flex- 
ible, but  also  much  stronger.     The  book  opens  very  freely  indeed. 

In  binding  the  first  books  sewed  with  wire,  some  difficulty  was 
experienced  in  the  wires  thickening  the  back  of  the  book  so  much  that 
in  pressing  it  for  the  purpose  of  cutting,  the  paper  was  crushed  by  the 
wire  just  wher-e  it  should  have  been  strohgest.  This  defect  has  been 
overcome  by  inserting  the  staples  in  a  zigzag  line,  so  that  there  appear 
two  or  three  times  as  many  rows  of  staples  on  the  back  as  there  are 
staples  in  each  section. 

In  Europe  these  machines  have  been  introduced  with  a  remarkable 
rapidity,  there  being  now  about  150  of  them  in  successful  operation 
in  England,  Germany,  France,  Belgium,  etc.  Both  the  United  States 
and  the  Englisli  Government  binderies  have  adopted  them,  and  thereby 
considerably  reduced  the  cost  of  binding,  besides  producing  superior 
work-.  Especially  for  the  manufacture  of  blank  books  is  this  mode  of 
binding  superior,  as  is  shown  by  the  fact  that  in  Germany  hand-sewed 
books  are  sold  at  a  discount  in  order  to  compete  with  the  wire-sewed 
work. 
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On  the  method  of  MILK  SHIPMENT  ix  GLASS  JARS. 


By  J.  Cheston  Morris,  M.  D. 

Read  before  the  Franklin  Institute  at  its  meetinEr  Dec.  ITtli,  1879. 


No  more  important  subject  can  engage  the  attention  of  a  community 
than  that  of  the  purity  and  abundance  of  its  food  supply,  and  no  one 
article  of  food  is  of  more  importance  to  every  class  in  the  community 
than  that  to  which  I  wish  to  direct  your  thoughts  for  a  few  moments 
this  evening,  constituting  in  some  form  an  essential  ingredient  in  the 
food  of  almost  every  one,  from  the  cradle  to  the  grave.  Even  among 
savages  its  value  is  appreciated  ;  and  as  men  rise  in  civilization  we  find 
them  more  and  more  dependent  upon  it  and  using  it  in  more  various 
methods.  The  natural  food  of  all  young  mammalia,  it  still  constitutes 
the  best  and  most  available  form  of  nutriment  in  health  and  disease. 
How  important,  then,  that  it  should  be  as  fresh,  pure,  and  rich  as 
possible.  Here,  however,  comes  the  difficulty.  It  is  perishable,  quickly 
prone  to  change  and  very  susceptible  of  becoming  tainted  by  contact 
with  impure  substances — nay,  even  of  becoming  the  vehicle  through 
which  organic  poison.Sj  such  as  that  which  produces  typhoid  fever,  may 
be  dis.seminated  according  to  some  authorities.  And  the  difficulty 
increases  with  the  size  of  a  community,  which  involves  increased  dis- 
tance from  the  source  of  production  and  renders  it  necessary  that  it 
should  pass  through  one  or  more  hands  between  the  producer  and 
the  consumer.  In  the  sharp  competition  of  trade  this  renders  it  liable 
to  adulteration  as  well  as  to  the  certain  deterioration  which  ensues 
upon  the  loss  of  time  in  transit.  Xo  wonder  then  that  the  article 
which  in  town  we  know  as  "  milk  "  is  so  diffijrent  from  that  we  find 
in  a  country  spring-house.  I  do  not  mean  that  good  milk  is  not,  very 
often,  delivered  by  the  milkmen  in  Philadelphia ;  on  the  contrary,  I 
believe  that  our  milk  supply  here  will  contrast  favorably  with  that  of 
most  other  large  cities.  But  there  is  room  for  improvement — in  many 
cases  a  great  deal  of  room — and  it  is  much  to  be  desired  that  any 
means  to  affect  this  should  be  made  known  as  widely  as  possible. 
Having  been  engaged  practically  and,  I  may  add,  successfully  in  an 
effi)rt  toward  this  for  more  than  a  year,  I  wish  to  lay  my  method 
before  you,  and  thus  contribute  my  mite  for  the  public  good. 
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Tlic  cou's  at  my  fanii,  near  Wcstcliestcr,  are  all  ])iire  Devons,  and 
are  fed  on  good  initritious  I'ood — hay,  bran,  corn  meal,  potatoes,  beets, 
or  i-iita-baga.s — and  are  well  housed,  so  as  to  maintain  them  in  good 
health.  Their  udders  are  carefully  washed  before  they  are  milked. 
The  milk,  as  soon  as  drawn,  is  strained  into  a  40  quart  can,  in  the 
centre  of  which  is  suspended  a  10  quart  can  containing  a  freezing  mix- 
tin-e  of  ice  and  salt,  so  as  to  reduce  the  temperature  as  rapidly  as  pos- 
sible to  50°F.  AVhen  the  thermometer  shows  this  to  have  been  accom- 
})li.slied  (which  will  require  15  to  20  minutes)  the  milk  is  drawn  ofl' 
by  a  taucet  into  quart  jars  (I  use  the  Cohansey  fruit  jar,  as  being  con- 
venient and  meeting  all  requirements),  and  each  jar  is  dosed  and 
sealed  with  a  label  bearing  the  name  and  address  of  the  producer,  date 
of  shipment,  and  qualit}'  of  the  milk.  This  label  (a  slip  of  paper 
pasted  or  gummed)  camiot  be  removed  or  tampered  with  in  transit 
without  destroying  it.  Twenty  of  these  jars  are  packed  in  a  box,  and 
ai'B  ready  for  shipment  and  delivery  to  customers.  In  warm  weather 
one  jar  in  the  middle  is  filled  with  ice.  The  milk  may  be  kept  in 
them  until  required  for  use.  The  empty  jars  are  to  be  rinsed  and 
returned  when  fresh  ones  are  delivered.  The  advantages  of  this 
method  are  as  follows  : 

1.  The  milk  must  be  clean,  as  any  dirt  would  show  at  the  bottom 
of  the  jar. 

2.  It  is  free  from  contamination  by  foul  air,  etc.,  in  transit.  This 
is  a  very  important  advantage,  as  any  one  can  appreciate  who  has  hap- 
pened to  enter  an  ordinary  milk  car  and  noticed  the  foul  putrescent 
odor  which  results  from  the  slopping  of  milk  over  the  car  floor,  when 
it  soaks  in  and  undergoes  decomposition. 

3.  Each  quart  of  milk  contains  its  own  share — no  more,  no  less — of 
cream.  When  40  quarts  are  sent,  as  is  usually  the  case,  in  a  "  churn," 
the  cream  soon  rises  to  the  upper  part,  and  the  abstraction  of  more  or 
less  cream  from  the  milk  is  easy.  To  obviate  this  the  milkman  may 
frequently  be  seen  stirring  up  the  contents  of  his  can,  but  it  mav 
readily  be  surmised  that  favorite  customers  may  receive  some  share  of 
cream  that  pro])erly  belongs  to  others  less  fortunate. 

4.  If  the  jars  have  been  properly  filled  no  "  churning  "  is  j)ossible. 
In  the  ordinary  metliod  more  or  less  churning  is  apt  to  take  place. 

5.  The  consumer  can  be  sure  that  he  gets  the  real  article  furnished ' 
by  the  producer. 

6.  It  is  th^  interest  of  the  producer  to  send  the  best  article  he  pos- 
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sibly  can,  as  the  price  he  will  receive  dej^ends  upon  it,  and  consumers 
will  not  be  slow  to  show  their  appreciation  of  his  merit  or  demerit. 
In  the  ordinary  mode  this  is  not  the  case.  Milk  is  milk,  and  the  man 
who  really  and  honestly  tries  to  send  the  ichoh  produce  of  his  herd 
finds  he  receives  no  more  for  it  than  his  dishonest  neighbor  who 
removes  part  of  the  cream,  or  adds  a  little  water. 

The  average  yield  of  a  good  cow  may  be  estimated  at  2400  quarts 
per  annum,  or  between  6  J  and  7  quarts  daily.  At  the  usual  prices  of 
€oru,  hay,  etc.,  the  cost  of  keeping  would  be  nearly  30  cents  daily. 
The  cost  of  production,  therefore,  is  not  less  than  4|^  to  5  cents  per 
quart.  It  will  readily  be  seen  that  when  the  risks  and  cost  of  trans- 
portation are  considered  the  farmer  does  not  make  a  large  profit,  even 
if  he  gets  his  fair  proportion  of  the  8  or  10  cents  per  quart,  which  are 
the  ruling  prices — the  former  in  summer,  the  latter  in  winter.  But 
even  this  he  does  not  get,  as  the  price  of  milk  at  the  railroad  depots  is 
2J  cents  in  summer  and  4  cents  in  winter.  Of  course  somebody  suffers 
for  this. 

To  return  to  the  quality  of  milk,  and  especially  to  the  variation 
which  occurs  in  different  breeds. 

The  Durham,  or  short-horn  cow,  yields  a  large  quantity  of  milk,  rich 
in  casein  but  poor  in  butter  and  sugar.  The  ordinary  or  "  common  " 
oow  is  largely  "  grade  Durham,"  and  may  be  classed  under  the  same 
head.  Rather  richer  in  butter  and  less  wateiy  is  the  yield  of  the  liol- 
stein  or  Dutch  cow,  a  variety  of  tlie  short-horn  class.  Next  comes  the 
Ayrshire^,  a  very  useful  class. 

The  Jerseys,  or  Alderneys,  yield  a  comparatively  small  quantity  of 
milk,  very  rich  in  butter  but  poor  in  cheese  and  sugar ;  hence  when 
the  cream  is  removed  there  is  only  a  very  poor  skim  milk  left.  These 
animals  are  not  fit  for  dairy  cows  for  milk  purposes.  But  "  grade  " 
Jerseys  yield  abundantly  a  good  article. 

The  Devon  cow  stands  intermediate  between  the  Durham  and  Jersey 
as  to  amount  of  yield  and  percentage  of  butter,  but  yields  a  milk 
richer  in  sugar  than  any  other,  and  hence  better  adapted  for  general 
use,  more  nutritive  and  palatable. 

As  to  the  sort  of  glass 'jar  required,  it  should  have  a  large  ojjening, 
so  as  to  be  cleansed  readily ;  it  should  be  capable  of  being  completely 
filled,  and  should  be  easily  closed  and  opened.  Any  jar  fulfilling  these 
conditions  may  be  used.  After  I  had  used  the  Cohansey  for  six 
months  I  saw  Mr.  Lester's  jar,  which  is  good  but  cumbrous.     That 
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used  l)v  Mr.  F.  Kuteliford  Starr  of  New  York,  as  well  as  the  bottles 
employed  by  M.  D'Arcy  in  Paris,  seem  to  me  not  so  convenient,  on 
aeconnt  of  the  narrowness  of  the  mouth ;  cream  could  not  be  taken 
ffcparately  from  them  so  readily. 

The  importance  of  this  branch  of  trade  may  be  estimated  when  it 
is  known  that  the  milk  supply  of  Piiiladclphia  is  nearly  150,000 
(piarts  daily,  costing  the  consumers,  at  eight  cents  per  quart,  nearly 
$12,000,  or  annually  about  $4,376,000.  And  yet  the  quantity  daily 
consumed  l)y  each  individual,  supposing  the  population  of  Philadel- 
phia to  be  850,000,  is  less  than  one-third  of  a  pint  for  each  man^ 
woman  and  child.  This  is  rather  more  than  the  average  of  England,, 
thouirh  less  than  half  that  of  Wales,  and  not  one-third  of  that  of 
Scotland  or  Ireland. 

The  nutritive  value  of  milk  is  hardly  sufficiently  appreciated  by  us. 
According  to  the  best  and  most  recent  analyses,  good  milk  contains,  in 
each  quart : 

Butter,  543*3  grains,  or  nearly         I  \  oz.  avoirdupois. 

Casein,  1026-3     "         "  more  than  2^  "  " 

Milk-sugar,  452-8     "         "     "         "     1     "  " 

Salts  (phosphates,  etc.),    90-6     "         '    nearly         ^     "  " 

Two  quarts,  therefore,  of  milk,  with  12  oz.  of  bread,  contain  suffi- 
cient nutriment  for  a  laboring  man  daily — more  than  the  French  cav- 
alry ration.  No  cheaper  food  of  equal  nutritive  value  and  easy  assim- 
ilation can  be  found. 


The  Satellites  of  Mars.— On  the  10th  of  October  Prof.  Hall 
foiuid  Deimos,  the  outer  satellite,  almost  precisely  in  the  calculated 
position.  The  place  of  Phobus  was  not  predicted  so  accurately, 
because  its  proximity  to  Mars  made  observations  more  difficult,  and 
some  of  the  auxiliary  estimates  were  calculated  for  the  orbital  plane 
of  Deimos.  But  these  difficulties  have  exerted  only  a  very  slight 
influence  on  the  results.  Both  jiositions  are  within  the  limits  of  prob- 
able error,  which  were  announced  by  the  discoveries  in  1877.  The 
2443  intervening  revolutions  of  Phobus  require  a  diminution  of  only 
1-074  sec.  in  the  predicted  time,  showing  an  error  of  less  than  ^7-5  of 
one  per  cent. !  A  very  careful  and  exact  reduction  of  observations 
will  be  necessary  in  order  to  determine  whether  any  correction  is- 
needed  in  the  elements  of  Deimos. — Comptes  Rendus.  C. 
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A  NEW  ILLUSTRATION  of  "  PERSISTENCE  of  VISION." 


Bv  Peof.  Silvanus  P.  Thompson. 


A  friend  has  called  my  attention  to  an  article  in  the  November 
number  of  your  Journal,  by  Professor  T.  W.  Tobin,  bearing  the  above 
heading,  and  treating  of  some  curious  optical  illusions  discovered  by 
me  about  three  years  ago.  A  quotation  is  given  by  Professor  Tobin, 
I  know  not  from  what  source,  which  certainly  was  not  written  by  me, 
and  concerning  which  I  beg  to  make  the  following  remark  : 

I  have  always  maintained  that  the  illusion  was  due  in  part  to  the 
^'  persistence  of  vision."  For  eighteen  months  the  published  sets  of 
cards  have  been  before  the  public,  and  the  printed  description  M'hich 
accompanies  each  packet  runs  as  follows :  "  This  new  and  interesting 
Optical  Illusion  depends  upon  the  well-known  scientific  principle  of  the 
Persistence  of  Vision,  namely,  tliat  an  object  placed  only  for  an  instant 
before  the  eye  is  seen  for  an  appreciable  time  after  its  removal,  its 
image  remaining  about  the  eighth  of  a  second  on  the  retina  of  the  eye. 
If  the  card  be  held  between  the  finger  and  thumb,  and  moved  rapidly 
in  circles  with  a  slight  motion  of  the  wrist,  the  circles  will  appear  to 
rotate  on  the  card." 


At  the  same  time  I  have  always  maintained  that  persistence  of  visual 
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impressions  failed  to  account  for  several  of  the  phenomena  accompany- 
ing; the  illusion.  In  the  first  place,  I  find  that  there  is  a  particular 
distance  from  the  eye  which  suits  best  a  set  of  circles  of  a  particular 
.size.  Very  numerous  and  narrow  circles  exhibit  the  "  rotiition  "  excel- 
lently when  held  at  a  few  inches  from  the  eye,  but  at  three  feet  dis- 
tance quite  fail ;  whereas  a  set  of  circles  in  which  the  alternate  rings  of 
black  and  white  are  three  inches  in  width  from  ring  to  ring  do  not 
.show  the  effect  at  all  a  foot  away,  but  show  it  capitally  to  an  audience 
of  a  hundred  persons.  Apparently,  to  obtain  the  best  result,  the  width 
of  ring  must  be  proportional  to  the  distance  from  which  it  is  to  be 
viewed. 

Again,  if  some  of  the  "  circles "  are  lying  on  the  table  in  view,, 
while  a  set  are  being  "  rotated  "  by  hand,  those  lying  on  the  table  will 
seem  to  rotate,  though  the  eye  is  looking  at  the  moving  "  circles." 
This  observation,  like  the  preceding,  is  absolutely  inexplicable  without 
recourse  to  some  further  hypothesis  than  that  of  the  'persistence  of  visual 
impressions.  JMqreover,  the  illusions  succeed  best  if  the  eye  be  directed 
not  at  the  circles  themselves  but  at  some  point  near.  For  this  reason 
I  have  found  it  best  to  have  two  sets  of  circles  printed  side  by  side  on 
the  card ;  that  set  rotating  most  effectively  at  which  the  eye  is  not  directed. 

As  to  Profes,sor  Tobins's  elegant  demonstration  that  the  successive 
displacements  of  a  circle  around  its  centre  are  optically  equivalent  tO' 
the  eccentric  rotation  of  the  circle  itself  about  some  central  point,  it  is 
deductively  perfect ;  only  it  falls  short  where  the  theory  of  persistence 
of  vision  in  general  falls  short,  and  cannot  afford  the  complete  explana- 
tion of  the  other  phenomena  I  have  described. 

I  may  perhaps  mention,  in  conclusion,  that  M.  Dubo.scq,  of  Paris,, 
has  recently  ccaistructed  for  me  a  little  piece  of  apparatus  which 
enables  me  to  project  the  circles  upon  the  screen  on  a  large  enough 
scale  for  an  audience  of  a  thousand  persons  to  witness  the  illusion  at 
one  time. 

University  College,  Bristol,  England,  Dec.  12,  1879. 


Bessemer  Steel  in  Europe  and  America. — The  production  of^ 
Bessemer  steel,  since  1870,  has  advanced  from  40,000  tons  to  550,000 
tons  in  the  United  States,  and  from  250,000  to  750,000  tons  in  Eng- 
land. Germany  and  France  each  produce  about  250,000  tons,  and 
the  rest  of  Europe  about  200,000  tons. — Rev.  de  Engeuh.  C. 
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VELOCITY  OF  LIGHT. 


Bv   Pliny   Eaele   Chase,   LL.D. 


The  late  experiments  of  Michelsoii,  and  those  upon  which  Newcomb 
is  now  engaged,  may  lend  interest  to  approximations  to  the  velocity  of 
light  by  the  nebular  hypothesis. 

On  the  24th  iust.,  I  found  the  first  of  the  values  which  I  give,  in 
connection  with  other  recent  estimates,  in  the  following  comparative 
table.  The  only  elements  required  in  the  calculation  are,  the  force  of 
gravity  at  the  equator,  the  diameter  of  the  earth,  and  the  lengths  of 
the  terrestrial  day  and  year. 

I  have  found,  to-day,  the  second  value,  wliich  I  am  inclined  to 
regard  as  still  more  accurate. 

Light  requires  497"827  seconds  to  come  from  the  sun  to  the  earth, 
a  distance  of  214'54  solar  radii.  If  planetary  revolution  Avere  ])Ossi- 
l)le  at  sun's  surface,  the  velocity  V  gr  would  be  •00062563  r  per  sec- 
ond, or  -jj^^Ts^  as  great  as  the  velocity  of  light.  The  solar  modulus 
of  light,  31,  is  therefore  474,500  r.  According  to  Stockwell,  the 
centre  of  the  dense  belt  of  jjlanets,  or  the  primitive  centre  of  greatest 
condensation,  C,  is  at  1'016878  earth's  mean  radius  vector,  or  at 
21 8*  16  r.  From  the  necessary  action  and  reaction  betM-een  the  nucleal 
centre  and  the  principal  centre  of  condensation  I  deduce  the  equation, 

9' 
From  this  equation  we  readily  find  27*78  for  the  quotient  of  solar 

by  terrestrial  equatorial  gravity,  '^j  and   185,852  miles,  or  299,090 

C/' 
kilometres,  for  the  velocity  of  light  per  second. 

Velocity  of  Light.  Neptune,  sec.  perilielion. 

Foucault,                    298,000  km.  Leverrier,             29-602 

Cornu,                         300,000    "  Stockwell,             29-598 

Perry  and  Ayrton,  298,000    "  Xewcomb,             29-619 

Michelson,                 299,820    "  Chase,                   29-608 
Cha.se,  1,                     298,030    " 
"      2,                    299,090    " 

In  the  estimates  of  Neptune's  secular  j^erihelion,  I   have  adopted 
Stockwell's  value  for  the  greatest  secular  eccentricity',  -0145. 
Haverford  College,  Dec.  '29th,  1879. 


(31  X  cY'  =  ^^  X 

V  /I  dv. 


66  Tron  Bndr/es.  [Jour.  Frank.  Inst., 


IRON  BKIDGES. 


Wlion  tlie  ])iiblic  was  startled  by  the  fall  of  the  St.  Cliarles  bridge, 
it  derived  much  consolation  from  the  fact  that  only  a  freight  train  was 
engulfed  by  the  catastrophe.  Scarcely  has  the  public  ceased  to  con- 
gratulate itself  over  the  small  loss  of  life  attending  the  failure  of  that 
s])lendid  structure,  when  the  cable  flashes  from  England  the  intelli- 
gence that  another  great  railroad  bridge  has  gone  down,  and  furnished 
a  fearful  example  of  what  might  have  been,  had  the  St.  Charles  bridge 
succumbed  to  a  passenger  train. 

The  longest  railroad  bridge  in  the  world,  over  running  water,  is  the 
bridge  over  the  river  Tay,  in  Scotland.  It  is  10,612  fe6t  in  length, 
or  52  feet  more  than  two  miles.  It  consists  of  85  spans,  of  varying 
extent,  eleven  of  them  having  a  length  of  245  feet  each.  It  is  an 
iron  truss,  and  at  its  opening,  in  May,  1868,  it  was  subjected  to  the 
most  rigid  tests,  and  was  pronounced  a  great  triumph  of  engineering- 
skill.  Eno;lisli  eno-ineers  have  envied  their  American  brethren  because 
the  latter  have,  of  late  years,  so  greatly  surpassed  them  in  the  con- 
struction of  iron  bridges.  As  an  English  engineer  put  it,  "Nature 
has  especially  favored  the  Americans  in  giving  them  great  rivers  to 
cross."  When,  therefore,  this  magnificent  bridge  across  the  Firth  of 
Tay  was  pronounced  finished,  and  was  opened  with  imposing  ceremo- 
nies, English  engineers  congratulated  themselves  that  their  island  had 
at  least  one  structure  which  would  rank  with  the  most  noted  Ameri- 
can examples.  But  this  pride  of  English  engineering  has  succumbed 
in  the  midst  of  a  hurricane,  and  an  entire  train  containing  more  than 
200  passengers  plunged  into  the  water  beneath  it,  and  not  a  single  res- 
ervoir is  left  to  furnish  materials  for  a  plausible  theory  of  the  accident. 
The  eleven  large  spans  are  reported  to  have  disappeared,  leaving  only 
the  naked  iron  piers  on  which  they  had  rested.  It  is  the  most  appall- 
ing railroad  accident  that  has  ever  occurred.  Three  hundred  travelers 
left  their  homes  that  day  forever,  and  were  never  more  unsuspicious  of 
danger  than  at  the  moment  before  they  plunged  into  eternity.  The 
suddenness  of  their  fate  and  the  horrid  completeness  of  their  taking 
oflP  are  too  terrible  to  dwell  upon. 

Will  the  cause  of  this  fearful  disaster  ever  l)c  known  ?  is  a  question 
now  of  very  great  imjjortaiice.     Are  the  failures  of  such  bridges  as 
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the  St.  Charles  and  Tay  the  result  of  inherent  defects  of  construction, 
or  must  they  be  ascribed  to  accidental  causes,  which  can  be  surmised 
but  not  demonstrated  ?  Although  the  bridge  builder's  art  is  very  old, 
he  is  now  exercising  it  under  new  conditions.  The  advent  of  the 
lodomotive  calls  for  the  exercise  of  his  powers  on  a  scale  never  before 
known.  The  old  methods  of  travel  admitted  of  such  devices  as  fords 
and  ferries  in  the  passage  of  streams,  but  the  iron  horse  will  have 
none  of  them.  Wlienever  he  approaches  a  river  he  imperiously 
demands  a  bridge,  and  he  does  not  leave  the  engineer  much  choice  of 
crossings.  Wherever  traffic  seems  to  point  out  a  pathway,  there  he 
must  go,  and  no  matter  what  difficulties  lie  in  the  way,  they  must  be 
surmounted.  The  largest  rivers  are  not  allowed  to  bar  his  progress, 
and  giant  streams,  which,  but  for  him,  would  have  been  ferried  over 
for  ages,  must  now  be  spanned  by  structures  superior  in  strength  to 
any  heretofore  known.  Hence,  although  the  bridge  builder's  art  has 
the  perfection  which  comes  of  long  practice,  the  locomotive  is  severely 
taxing  his  resources. 

Bridge-building,  like  civilized  man  himself,  has  had  its  three  ages. 
First,  came  the  age  of  wood,  then  followed  the  age  of  stone,  and  lastly 
the  present  wonderful  iron  age.  The  use  of  iron  in  bridge  construc- 
tion has  produced  a  boldness  of  conce[)tion  in  the  present  generation 
of  engineers  which  casts  the  performances  of  their  j^redecessors 
entirely  in  the  shade.  A  half  century  ago  such  spans  as  the  fallen 
ones  of  the  St.  Charles  and  Tay  bridges,  for  such  loads  as  they  were 
calculated  to  support,  were  impossible.  Now  they  are  far  from  being 
of  the  first  magnitude.  There  are  ten  truss  bridges  across  the  Missis- 
sippi above  St.  Louis,  which  are  not  regarded  as  very  wonderful  struc- 
tures, and  yet  seven  of  them  have  spans  as  long  as  those  of  the  Tay 
bridge.  The  bridges  at  Winona,  LaCrosse,  Dubuque,  Keokuk  and 
Hannibal  have  spans  of  240,  that  at  Rock  Island  of  250,  and  that  at 
Louisiana  of  256  feet.  The  span  which  gave  way  at  St.  Charles  was 
320  feet  in  length,  yet  the  same  bridge  has  two  spans  406  feet  long. 
Over  the  same  river  is  a  truss  bridge,  at  Leavenwortli,  with  three 
spans  340  feet,  and  another  at  Glascow  with  five  of  315  feet.  Across 
the  Ohio  there  is  a  truss  bridge,  at  Steubenville,  with  a  span  of  320 
feet,  one  at  Parkersburg  of  350,  one  at  Cincinnati  with  a  span  of  515 
feet,  the  longest  truss  yet  built,  and  one  at  Louisville  with  a  span  of 
400  feet.  The  truss  bridge  over  the  Kentucky  river,  on  the  Cincin- 
nati and  Southern  Railroad,  has  three  spans  375  feet  in  length  resting 
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on  iron  ]>i('rs  175  leet  hi<^h.  The  bridj^e  over  tlie  Hudson,  at  Poni^li- 
keq).sk',  lia.s  five  .s])ans  of  500  ^a^i,  with  j)iers  135  feet  above  liigh 
water.  I  n  Kiirope  there  is  a  trii.ss  bridge  over  the  Vistula,  at  Grau- 
denz,  with  12  spans  of  800  feet.  The  truss  bridge  of  I^essart,  in 
France,  has  a  span  of  314  feet,  and  was  pushed  across  from  one  abut- 
ment to  the  other  after  being  put  together.  The  bridge  over  the 
Rhine,  at  AVesel,  has  four  spans  of  313  feet.  The  Kulenburg  bridge, 
in  Holland,  which  was  the  monarch  truss  before  the  construction  of 
the  Cincinnati  bridge,  has  a  span  of  492  feet.  From  these  example.'? 
it  would  seem  that  the  St.  Charles  and  Tay  bridges,  instead  of  being 
risky  engineering  ventures,  are  entirely  within  the  domain  of  experi- 
ence. But,  nevertheless,  the  fact  remains  that,  notwithstanding  the 
boldness  with  wliicli  the  engineers  of  the  present  day  meet  the  exac- 
tions of  the  locomotive,  they  are  comparatively  novi<ies  in  the  use  of 
iron.  The  first  iron  bridges  were  of  cast  iron,  and  soon  proved  to  be 
too  lightly  proportioned.  The  first  saspension  bridges  were  similarly 
defective.  Does  it  remain  to  be  proved  that  the  wrought  iron  w^ork 
of  the  past  twenty  years  betrays  too  great  a  confidence  in  the  mate- 
rial ?  AVere  the  St.  Charles  and  Tay  disasters  unaccountable  accidents, 
or  were  they  fair  tests  of  current  engineering  theories  ?  These  are 
questions  which  engineers  would  do  well  to  discuss. — St.  Louis  Globe 
Democrat. 

Pictet's  Calorific  Syntheses. — Pictct  modifies  Mossotti's  hypo- 
thesis, by  su})[)o.sing  that  atoms  attract  each  other  as  well  as  attracting 
ether.  He  regards  the  gaseous  atom  as  simple,  the  liquid  molecule  as 
composed  of  at  least  two  gaseous  atoms,  and  the  solid  molecule  as  con- 
taining at  least  two 'liquid  molecules.  Starting  from  the  amplitude  of 
calorific  oscillation,  he  explains,  by  simple  mechanical  laws,  the  law  of 
Mariottc  and  Gay  Lus.sac,  the  anomalies  with  their  limits  and  the  con- 
ditions of  passage  from  the  gaseous  to  the  liquid  state,  the  mobility  of 
liquids,  their  feeble  compressibility,  their  diffusion  and  volatilization  ; 
the  rigidity,  elasticity,  hardness,  axes  of  crystallization,  allotropism  and 
amorphism  of  solids ;  the  absolute  zero  temperature,  thermic  equilib- 
rium and  specific  heat  of  bodies ;  the  law  of  Dulong  and  Petit ;  fusion, 
evaporation,  latent  heat,  density,  vapor-tension,  and  nearly  all  the  phe- 
nomena of  thermo-chemistry.  He  thinks  it  probable  that  the  dimen- 
sions of  atoms  and  molecules  may  be  deduced  from  his  experiments. — 
Bull,  cle  la  Soc.  Vaud.  C. 
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ELECTRIC  LIGHTING  AT  THE  BRITISH  MUSEUM. 


When  the  electric  light  was  first  pronounced  to  be  a  practical  suc- 
cess, the  authorities  of  the  British  ISIuseum  resolved  to  give  the  fre- 
(^uenters  of  the  reading-room  the  advantage  of  that  method  of  illumi- 
nation during  the  hours  of  darkness  and  fog  which  so  frequently  pre- 
vail at  certain  seasons  of  the  year.  Accordingly  last  autumn,  as  our 
readers  will  remember,  the  reading-room  was  lighted  by  the  Jabloch- 
koif  system,  which,  so  far  as  it  went,  is  stated  to  have  given  every 
satisfaction.  Being  desirous  of  giving  each  practical  system  a  fair 
trial,  the  authorities  of  the  Museum  have  this  year  adopted  experi- 
mentally the  Siemens  system  of  electric  lighting,  which  was  exhibited 
last  evening  for  the  first  time  to  a  select  party  of  scientific  gentlemen 
and  others  interested  in  the  question. 

The  proposals  for  lighting  up  the  reading-room  by  this  svstem  were 
originally  submitted  by  ^Ir.  J.  J.  Caldcr  and  Mr.  J.  A.  Barrett,  and 
the  arrangements  were  finally  carried  out  under  the  .^superintendence 
of  Mr.  Barrett,  who  is  the  electrician  for  the  Museum.  Eleven  lights 
in  all  have  been  fitted  up,  and  of  these  four  are  placed  in  the  reading- 
room,  four  in  other  parts  of  the  building,  and  three  outside  of  it.  The 
four  in  the  reading-room  are  placed,  one  in  the  centre  and  three  equi- 
distantly  around  it.  They  are  supplied  with  continuous  currents,  each 
from  its  own  Siemens  dynamo-electric  machine.  Of  the  lights  in 
other  parts  of  the  Museum,  two  are  placed  in  the  entrance-liall,  one 
in  the  reading-room  corridor  and  one  in  the  Greek  gallery.  In  the 
courtyard  in  front  of  the  building  are  two  more  lights,  while  another 
is  placed  in  the  rear,  near  to  the  engine  and  machine  house.  These 
seven  lights  are  supplied  from  one  Siemens  machine,  producing  an 
alternating,  or  divided  current.  It  will  thus  be  .seen  that  two  different 
systems  of  electric  lighting  are  employed,  both,  however,  being  on  the 
Siemens  principle — the  four  lights  in  the  reading-room  being  produced 
by  continuous  currents,  and  calculated  to  be  each  equal  to  4000  can- 
dles, the  seven  other  lights,  which  are  estimated  at  400  candles  each, 
being  produced  by  an  alternating  current,  and  being  connected  in  one 
circuit  about  1200  yards  in  length. 

The  lamps  in  the  reading-room  are  governed  by  regulators,  which 
are  the  invention  of  Me&srs.  Siemens  and  HaLske,  of  Berlin.     These 
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rco;nlat()rs  are  of  very  simple  eoiistriiction,  and  oonscqiicntly  can  be 
managed  without  any  .special  eleeti-ical  knowledge.  The  carbon.s  are 
19  inches  in  length,  and  their  rate  of"  consumption  is  about  three 
inches  per  hour,  so  that  the  light  can  be  maintained  for  six  hours 
without  touching  the  regulators.  The  lights  produ(;ed  by  the  alterna- 
ting current  are  fitted  with  a  different  kind  of  regulator.  These  regu- 
lators are  actuated  by  two  solenoids  on  a  differential  princii)le.  One 
solenoid  forms  j)art  of  the  main  circuit  and  tends  to  separate  the  car- 
bons, while  the  other  forms  a  shunt  round  the  carbons  and  tends  to 
bring  them  together.  The  position  of  the  carbons  depends,  therefore, 
not  on  the  strength  of  the  current,  but  on  the  relative  amount  of  elec- 
tricity pa.ssing  through  each  solenoid.  By  selecting  suitable  resistances 
for  each  coil  an  arc  of  a  given  resistance  will  always  be  maintained, 
independently  of  tlie  strength  of  the  current.  This  obviates  the  neces- 
sity for  regulating  tlie  lamps  after  tJiey  have  left  the  hands  of  the 
makers.  The  arrangement  of  these  regulators  is  such  that  should  one 
light  in  the  circuit  become  extinguished,  the  others  will  not  be  in  any 
•way  affected.  The  carbons  in  these  lamps  burn  for  about  five  hours 
and  C{ui  be  replaced  in  about  a  minute.  The  lights  in  the  reading- 
room  are  suspended  from  the  roof,  and  are  enclosed  in  octagonal  lan- 
terns, filled  in  with  ground  glass,  and  having  circular  reflectors  placed 
over  them.  The  other  lights  in  the  building  and  that  at  the  engine- 
house  are  also  suspended,  while  the  two  in  the  fore  court  are  placed  on 
standards.     They  are  all  enclosed  in  ground  glass  globes. 

The  machines  for  producing  the  currents  are  six  in  number,  and  are 
placed  in  a  small  house  to  the  rear  of  the  Museum.  Of  these,  four 
are  the  continuous  current  machines  for  supplying  the  four  lights  in 
the  reiiding-room ;  one  is  the  alternate  current  machine  for  supplying 
the  other  lights,  while  the  sixth  is  used  as  an  exciter  for  all  the  rest. 
The  leading  wires  from  the  machines  to  the  lights  in  the  reading-room 
are  carried  over  the  roof  of  the  building  to  the  lantern  on  the  top  of 
the  dome,  a  distance  of  about  200  yards.  The  wires  for  the  other  lights 
are  laid  partly  in  the  basement  of  the  Museum  and  partly  underground. 
The  motive  power  for  driving  the  machines  is  supjjlied  by  two  8-horse 
semi-fixed  engines  by  Messrs.  Wallis  &  Stevens,  of  Basing.stoke. 
These  engines  embody  several  special  features,  which  render  them  par- 
ticularly applicable  for  driving  machinery  for  generating  electricity  for 
lighting  purposes,  foremost  among  which  is  perfect  regularity  of  speed, 
which  is  maintained  by  a  special  kind  of  governor.     The  maintenance 
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of  an  uniform  speed  is  of  the  first  importalice  in  electric  lighting,  inas- 
much as  any  slight  variation  in  the  engine  causes  irregularity  in  the 
light  and  vitiates  the  results.  The  power  is  transmitted  to  the  electric 
machines  through  belts  and  shafting,  and ,  the  whole  arrangement  dur- 
ing our  visit  worked  steadily  and  well.  The  revolutions  of  the  engine 
were  125  per  minute,  and  the  steam  pressure  about  60  pounds  per 
square  inch.  On  the  whole,  the  experiment  was  perfectly  successful^, 
an  excellent  and  agreeable  light  being  produced  and  maintained.  A 
slight  unsteadiness  was  apparent  at  times  in  some  of  the  lamps,  but 
this  was  stated  to  be  due  to  defective  carbons.  This  reason  is  so  fre- 
quently assigned  for  aberrations  of  various  electric  lighting  systems 
that  it  would  be  as  well  if  carbon  manufacturers  would  set  to  work  to- 
produce  carbons  of  perfectly  uniform  quality,  and  thus  get  rid  of  this 
drawback  to  electric  lighting. — London  Times. 


Superficial  Viscosity  of  Liquids.— In  the  course  of  his  exper- 
iments upon  the  ecpiilibrium  of  liquid  masses  without  weight.  Plateau 
found  that  some  liquids  showed  a  special  resistance  at  their  surfaces- 
while  others  were  more  viscous  in  the  interior.  The  difference  may  be 
studied  in  the  following  manner.  Place  a  magnetic  needle  on  a  pivot 
in  a  cylindrical  glass  vessel ;  pour  in  the  liquid  until  it  reaches  the 
lower  surface  of  the  needle ;  turn  the  needle  90°  from  the  magnetic 
meridian,  then  release  it  and  notice  the  time  occupied  in  traversing  a 
specific  angle.  In  his  experiments  the  angle  was  85°.  Then  add 
more  liquid,  so  as  to  completely  submerge  the  needle  to  a  depth  of 
about  2  centimetres  (*79  in.) ,  turn  the  needle  90°  and  note  the  angu- 
lar time  as  before.  For  distilled  water,  the  time  in  the  first  experi- 
ment was  nearly  twice  as  great  as  in  the  second,  though  in  the  former 
case  the  friction  against  the  water  was  only  on  one  surface,  while  in 
the  latter  it  was  on  both  surfaces  of  the  needle.  In  spirits  of  turpen- 
tine or  in  alcohol,  the  time  on  the  surface  was  less  than  half  as  great 
as  in  the  interior.  A  solution  of  albumen  and  a  solution  of  saponine 
had  remarkable  superficial  viscosity.  On  the  surface  of  the  former, 
the  needle  stopped  after  slowly  turning  an  angle  of  35°  ;  on  the  sur- 
face of  the  latter  it  did  not  even  begin  to  move.  Luvini  and  Maran- 
zoni  have  attempted  to  controvert  Plateau's  views,  but  he  has  shown 
in  what  respects  their  experiments  were  defective. — Bull,  de  VAcad.. 
de  Belg.  C. 
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Irrigation  by  the  Tagus. — A  j)r()j)().sul  has  been  laid  before  the 
Portuguese  (iovcrnineut  to  build  a  dam  acnjss  the  river  Tagus,  about 
20  km.  (12-43  miles)  above  Abrantas,  in  order  to  raise  the  level  suf- 
ficiently to  irrigate  about  400,000  trucus  (988,657  acres)  of  the  adjoin- 
ing lands.  The  expense  would  be  very  small  in  comparison  with  the 
increased  value  of  the  land,  which  is  estimated  at  600,000,000  francs 
($120,000,000),  or  nearly  one-third  of  the  Portuguese  national  debt. 
— Chron.  Industr.  C 

African  Railway. — Duponchel's  projected  railway  for  connecting 
.\.lgeria  with  Soudan  continues  to  excite  great  interest  in  France.  A 
commission  of  65  members  has  been  appointed,  and  divided  into  four 
sub-commissions.  The  first,  under  the  presidency  of  de  Lesseps,  is  to 
collect  statistical  and  economical  information ;  the  second,  under 
Duponchel,  is  devoted  to  technical  studies  and  the  determination  of 
routes ;  the  third  is  to  have  charge  of  the  explorations,  and  the  fourth 
will  consider  international  questions,  especially  with  reference  to  the 
Moors,  the  Tripolitans  and  the  Toncuezs.  Many  of  the  senators  and 
deputies,  who  are  members  of  the  commission,  have  visited  Algeria 
in  order  to  understand  the  different  projects  which  are  to  be  brought 
before  them. — Les  Ilondes.  C. 

Precautions  in  Comparing  Weights.— Devil le  and  Mascart, 
in  explaining  the  construction  of  the  international  geodetic  standard, 
give  an  interesting  account  of  some  of  the  necessary  precautions  : 
During  the  long  series  of  operations  upon  which  a  comparison  of  two 
weights  is  based,  a  balance  should  never  be  opened.  Its  cage,  com- 
posed of  two  envelopes  of  glass,  bordered  with  cloth,  should  be  guarded 
from  the  external  air,  which  would  change  the  hygrometric  state  of  the 
interior,  and  which  would  introduce  dust.  The  particles  of  dust  notch 
tlie  knife-edges,  and  change  the  velvet  linings  of  the  weight-boxes 
into  a  material  comparable  to  emery-paper.  Air  may  be  forced  into 
the  interior,  at  the  rate  of  4  or  5  litres  (4'227  or  5'283  qts.)  per  hour, 
being  first  deprived  of  dust  by  filtration  through  cotton,  and  dried  by 
chloride  of  potassium  or  other  dessicatives.  The  substance  which 
seems  to  produce  tlie  least  wear  on  alloys  of  platinum  and  iridium  is 
ivory,  which  has  the  further  advantage  of  resisting  moisture  and  other 
atmospheric  influences,  as  is  shown  by  cave  fossils.  The  standard 
weights  should,  therefore,  be  kept  in  glass  cylinders,  with  ivory  caps 
at  top  and  bottom. — Comptes  Bendui.  C. 
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Electrical  Phenomenon  at  Potenza. — Cappanera  finds  that 
natural  electric  currents  often  traverse  the  telegraphic  wires,  which  are 
strono;est  in  the  neig-hborhood  of  the  volcanic  terrace  of  Vultures. 
They  are  most  noticeable  in  October,  November,  December,  March 
and  April,  especially  during  falls  of  snow. — Bull,  del  Vulc.  Ital.      C. 

Biermann's  Wolfram-bronzes. — Biermann,  in  Hannover,  fur- 
nishes a  A^^olfranl-bronze  which  contains,  according  to  Strohmeyer, 
95*39  per  cent,  of  copper,  3*04  per  cent,  of  tin,  1-57  per  cent,  of  wolf- 
ram. It  is  very  tough,  malleable,  ductile,  and  of  great  absolute 
strength.  An  addition  of  from  1*5  to  2  per  cent,  of  wolfram  increa.ses 
the  hardness  four  or  five-fold,  without  diminishing  the  toughness. 
The  bronze  requires,  for  working,  a  temperature  100°  higher  (180°F.) 
than  ordinary  brass,  and  can  only  be  cast  in  very  dry  sand  or  in  iron 
moulds. — Berg-  u.  Hutten-Ztg.  C. 

On  Uralium,  a  New  Metal  of  the  Platinum  Group.    A. 

Guyard. — As  far  back  as  1869  the  autlior  discovered  this  metal  in 
commercial  platinum  obtained  from  Russian  ores.  Next  to  silver  it  is 
the  whitest  metal  known;  its  malleability  is  as  great  as  that  of  the 
purest  platinum,  but  its  ductility  is  much  greater,  and  it  is  almost  as 
soft  as  lead.  Its  melting  2)oint  lies  near  to  that  of  platinum,  and  it  is 
not  volatile.  Its  specific  gravity  is  20*25,  and  its  molecular  volume, 
like  those  of  osmium,  platinum  and  palladium,  is  6"25.  Its  atomic 
weight  has  been  found  to  be  187*25.  In  its  chemical  properties  it  is 
difficult  to  distinguish  from  platinum. — Chem.  News. 

New  Element. — Tellef  Dahll  has  found  a  new  element,  which  he 
calls  nonvegium  (Ng.),  in  a  compound  of  arseniuret  of  nickel  and  nickel 
glance.  It  is  white,  somewhat  malletible,  of  copper-like  hardness, 
melting  at  a  red  heat,  density  9'44.  It  dissolves  with  difficulty  in 
hydrochloric  acid  or  sulphuric  acid,  easily  in  nitric  acid.  The  solu- 
tion is  blue,  becoming  green  if  diluted  with  water.  Two  specimens 
gave  an  atomic  Aveight  of  145*95.  It  is  precipitated  by  caustic  pot- 
ash, ammonia  and  carbonate  of  soda  ;  the  green  precipitate  is  soluble 
in  all  these  reagents  and  giver  blue  solutions.  Sulphuretted  hydrogen 
gives,  even  in  very  acid  solutions,  a  brown  precipitate  insoluble  in 
sulphuret  of  ammonia.  Borax,  in  the  oxidizing  flame,  gives  a  yellow- 
ish green  gloss,  becoming  blue  in  cooling.  The  blue  color  is  shown  in 
the  reducing  flame.  It  is  easily  reducible  with  carbonate  of  soda,  or 
upon  carbon. — Comptes  Renclus.  C. 
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Gum  Arabic  Solution. — Tlic  acllR'.sivc'iie,s.s  and  diirability  of  ir 
sdliitioii  of  lUO  parts  ^iim  arable  in  250  parts  water  may  Ije  inereased 
l>y  addinjx  2  parts  of  sulpliate  of  alumina. — Polyfcch.  Notizhl.        C. 

Artificial  Quartz  Crystals. — MM.  Friedel  and  Sarrazira  have 
(>l)tained  quartz  erystals  by  the  aetion  of  liydroehh)ric  acid  upon  gela- 
tinous siliea  in  elosed  vessels,  at  a  temperature  of  3o0°  (662°F.). — 
Soc.  Chim.  de  Pcwis.  C, 

Defoy's  Electric  Bit. — The  reins  enclose  a  small  conducting- 
w  ire,  extending  from  the  bit  to  a  small  electro- magnet.  By  turning 
the  crank  of  the  electro-magnet,  a  slight  current  is  sent  to  the  horse's 
mouth,  causing  such  surprise  that  he  stands  immovable,  and  is  easily 
tamed  by  caresses.  The  current  is  not  strong  enough  to  give  a  shock 
or  to  stupefy  the  animal. — Les  Mondes.  C 

Heat  of  the  Electric  Arc. — Prof.  Rosetti,  of  the  University  of 
Padua,  has  measured  the  temperatures  of  the  electric  arc  and  of  the 
carbon  points.  With  80  Bunsen  elements  he  found  for  the  negative 
2400°  (4352°F.),  for  the  positive  pole  2870°  (5198°F.),  and  for  the 
arc  359°  (6332°F.).  These  temperatures  decrease  with  an  increase  in 
the  number  of  elements  employed. — Soc.  Franc,  de.  Phi/s.  C. 

Electric  Light  in  Persia. — Fabius  Boital  recently  exhibited  the 
Jal>loclikolf  light  before  the  Shah  of  Persia.  When  the  machine  was 
started,  the  Shah  turned  on  the  light  by  a  gentle  pressure,  and  all  the 
bystanders  gave  a  shout  of  admiration,  which  was  repeated  when  they 
found  that  the  street  lights  were  kindled  at  the  same  instant.  M. 
Boital  has  been  engaged  to  introduce  a  large  supply  of  electrical  appa- 
ratus, to  build  extensive  gas-works,  to  erect  a  series  of  dwellings  of  a 
plan  and  architecture  hitherto  unknown  in  Teheran,  and  to  construct 
an  Industrial  Palace. — Les  Mondes.  C. 

Paper  Window-shutters.— William  Hipkins,  of  Belair,  Ohio^ 
has  taken  out  a  patent  for  window-shutters  in  w'hieh  pasteboard  Ls 
substituted  for  wood.  The  slats  and  panels  can  be  covered  with  col- 
ored or  stamped  paper,  so  as  to  imitate  any  desired  kind  or  pattern  of 
wood.  The  inventor  claims  as  advantages  for  such  shutters  that  they 
are  lighter  and  cheaper  than  wood,  that  they  do  not  warj)  or  split,, 
that  they  can  be  easily  fitted  to  new  positions,  that  they  are  susceptible 
of  a  great  vaiiety  of  patterns,  and  that  they  will  contribute  to  an  im- 
provement in  the  appearance  of  cheap  dwellings.— jPorf-sc/).  der  Zeit^ 

C. 
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Speaking  Dictionary. — M.  Lambrigot  has  invented  a  modifica- 
tion of  Edison's  phonographic  matrices,  by  snbstituting  stearine  for  the 
tin  foil,  and  electrotyping  the  impressed  surface.  It  has  been  suggested 
that  these  electrotypes,  which  can  be  made  very  cheaply,  may  render 
great  service  in  the  study  of  foreign  languages,  for  they  preserve  indef- 
initely and  repeat  as  often  as  may  be  desired  words  that  are  the  most 
difficult  to  pronounce  correctly.  A  true  speaking  dictionary  might 
thus  be  made,  an  undertaking  which  the  Mildest  fancy  would  not  have 
dreamed  of  a  few  years  ago. — Le  Nature ,  C. 

Electrolysis  in  Soda  Manufacture. — M.  Merle,  the  manufac- 
turer of  the  chemical  worfe  of  Merle  &  Co.,  has  erected  electrical 
machines,  which  are  employed  to  eliminate,  by  means  of  electrolysis, 
the  whole  of  the  iron  and  other  metals,  such  as  lead  and  arsenic. 
The  separation  of  these  metals  is  eifected  \evy  rapidly,  in  large  quan- 
tities, at  a  comparatively  small  cost.  The  soda  crystals  which  are 
obtained  from  the  concentration  of  the  leys  are  very  white,  and  well 
adapted  to  the  bleaching  of  fabrics  previous  to  drying.  The  manufac- 
ture of  soda  crystals  and  caustic  soda,  in  the  south  of  France,  is  very 
difficult,  on  account  of  the  high  temperature,  which  makes  the  mother 
liquors  too  rich  in  carbonate  of  soda.  C. 

Distribution  of  Power  by  Electricity.— Numerous  experi- 
ments have  lately  been  made  in  Paris  on  the  transmission  of  power  by 
means  of  two  Gramme  machines,  one  producing  an  elective  current  by 
mechanical  action,  the  other  operating  invei'sely,  and  reconstituting  a 
portion  of  the  labor  which  was  originally  expended.  In  order  to  make 
careful  measurements,  M.  Tresca  estimated  some  of  the  experiments  with 
a  Gramme  machine  making  1200  revolutions  per  minute.  The  current 
was  transmitted,  by  copper  wires,  to  carts  at  different  distances,  two 
Gramme  machines  being  placed  on  the  carts  and  acting  on  a  windlass, 
which  pushed  a  double  Brabant  plough  so  as  to  make  a  furrow  220 
metres  (240*6  yds.)  long.  The  velocity  of  the  plough,  when  the  circuit 
of  the  current  was  800  metres  (874-91  yds.),  was  88  centimetres  (34-65 
in.)  per  second,  the  shaft  making  1123  turns  per  minute;  when  the 
circuit  was  increased  to  1300  metres  (1421-72  yds.),  the  velocity  was 
increased  to  70  centimetres  (27-56  in.)  and  the  revolutions  of  the  shaft 
to  890.  The  effective  work  was  estimated  at  three  horse-power. — 
Comjjtes  Rendus.  C. 
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Friction  and  Lubrication.     Prof.  R.  H.  Thurston.     1  vol.,  8vo, 
212  i)age.s.     Tiie  Railroad  Gazette,  New  York,  1879. 

It  Avill  be  hard  to  over-estimate  the  value  of  the  experimental  results, 
given  in  tliis  little  work  to  the  mechanical  engineer. 

Heretofore  the  results  given  in  published  works  have  in  many  points- 
l)oen  incomj)lctc,  if  not  grossly  erroneous. 

AVhile  Prof.  Thurston's  results  will  not  carry  with  them  to  the 
minds  of  others  such  positive  convictions  as  seem  to  have  arisen  in  his 
own,  nor  will  liis  deductions  always  be  applicable  to  the  ordinary  cases- 
occurring  in  mechanism  without  the  introduction  of  a  large  factor  of 
safety,  still,  thanks  to  his  labors,  the  practitioners  of  engineering  are 
now  in  possession  of  a  mass  of  data  sucli  as  will  serve  as  a  guide  in  a 
field  hitherto  almost  unknown. 

A  careful  study  of  the  tables  shows  the  overpowering  influence 
which  the  temperature  of  the  journal  has  upon  the  coefficient  of  fric- 
tion, and  the  necessity  which  exists  of  keeping  journals  at  some  fixed 
temperature  which  has  been  found  most  economical  for  the  lubricant 
used,  or  which  does  not  aifect  injuriously  the  working  of  the  machine 
under  consideration. 

This  constant  temperature  is  an  unavoidable  necessit}^  in  actual 
practice,  and  must  be  attained ;  and  on  this  point,  upon  which  Prof. 
Thurston  does  not  seem  to  have  laid  sufficient  stress,  we  have  most 
valuable  information  in  the  experiments  of  Mr.  A.  H.  Van  Cleve,. 
given  on  page  155. 

This  table  clearly  shows  that  where  the  lubricant  is  supplied  at  a 
uniform  rate  and  an  approximately  constant  temperature  of  journal  is 
held,  that  the  M^ork  or  heating  which  a  journal  will  withstand  at 
varying  speeds  and  pressure  closely  approximates  to  a  uniform  quan- 
tity, and  therefore  that  in  practice  the  length  of  the  journal  is  the 
only  factor  to  be  considered  in  order  to  prevent  heating,  the  diameter 
of  the  journal  being  afterward  so  established  as  to  prevent  undue 
pressure  or  abrasion.    ■ 

On  page  56  Prof.  Thurston  gives,  Avithout  stating  any  reason  when 
he  states  the  fact,  the  following  formula  for  the  length  of  journal 
bearing  , P  V 

~  eooood 

in  which  /=the  length  of  the  journal  in  inches,  P=the  load  in  lbs., 
V  =  the  velocity  in  feet  per  minute,  and  d  =  the   diameter  of  the 
journal  in  inches. 
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It  is  difficult  to  make  use  of  this  formula,  because  it  is  necessary  to 
assume  a  value  for  d. 

It  is  comparatively  easy  to  simplify  this  formula  so  as  to  avoid 
the  necessity  of  a.ssuming  a  value  for  d.  Taking  for  example  the 
first  experiment  of  Van  Cleve,  on  page  155,  we  find  the  pressure 
per  square  inch  to  be  167  lbs.,  and  the  velocity  of  the  rubbing 
surfaces  to  be  196*35  feet  per  minute.  From  the  table,  page  185, 
Ave  find,  with  sufficient  approximation  for  the  most  favorable  conditions 
possible,  that  the  coefficient  of  friction  is  one-half  of  one  per  cent.,  and 
therefore  that  the  work  per  square  inch  of  area  is 

167  X  196-35  ^^_  j^^^  ^  -^g3.g2  f^^  n^^^  ^  19(33.  -^^^^i  lbs. 
200 

Xow,  letting  N  =  the  number  of  rev^olutions  per  minute,  and  /  = 
the  coefficient  of  friction,  we  have  for  the  work  of  friction  per  square 
ancli  of  area, 

/Z   X  7TdN=r:f?!-l 
''id  ^       I 

If  we  equate  this  M'ith  the  work  just  derived  from  experiment,  we 
have  ^__    z  f    p,  ^ 

1963 

P'  and  N  are  always  known,  and /may  be  determined  from  inspec- 
tion of  the  tables  of  experiments  and  a  sufficient  increase  be  made  to 
•cover  contingencies. 

Many  times  when  lines  of  shafting  are  taken  down  the  journals  will 
he  found  to  have  worn  smooth  in  only  a  small  part  of  their  length, 
and  in  the  case  of  crank  pins  and  journal  bearings,  their  heating,  where 
there  is  the  least  lack  of  rigidity  or  the  engine  is  out  of  line,  defies  all 
precautions. 

The  wear  and  tear  of  mechanism  will  not  permit  the  use  of  the  co- 
•efficients  given  in  the  tables,  in  ordinary  practice,  without  large  increase. 

Conclusion  11,  page  211.  "The  only  method  of  learning  the  true 
value  of  a  lubricant  is  to  place  it  under  test,"  is  in  brief  the  result  of 
the  many  and  varied  experiments  set  forth. 

The  elaborate  descriptions  of  testing  machines  and  methods  of  test- 
ing oils  are  of  great  interest  to  all  engineers  and  intelligent  mechanics. 

The  work  is  well  worth  the  careful  reading  of  every  one  interested 
in  the  mechanic  arts.  It  is  much  to  be  regretted  that  the  faith  of  the 
reader  in  the  accuracy  of  the  tables  is  shaken  by  the  slovenly  proof- 
reading, discovered  where  errors  are  easily  detected.  JM. 
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Computation  of  Time  and  Changes  of  Style  in  thf.  Calendar. 
Addressed  to  Students  of  History  and  Genealogy.  By  Spencer 
]5onsall.  Eeprinted  from  the  "  Penn.sylv'ania  Magazine  of  History 
and  Biograi)liy/'  Vols.  II,  III. 

In  this  panij)hlet  the  author  has  collected  a  mass  of  valuable  infor- 
mation resj)ecting  tlie  Julian  and  Gregorian  Calendars,  the  Calendar 
of  the  Society  of  Friends,  the  Ecclesiastical  and  Historical  Years,  the 
Calendar  of  the  French  Republic  from  1792  to  1806,  and  the  dates 
at  which  the  new  style  was  adopted  in  the  principal  countries  of 
Europe.  The  mistakes  which  are  frequently  made,  even  by  literary 
men,  when  writing  of  past  events;  the  fickle  action  of  lioman 
pontiffs,  who  changed  the  year  capriciously,  so  as  to  lengthen  or 
shorten  the  period  during  which  a  magistrate  remained  in  office ;  the 
details  of  the  reformation  introduced  by  Pojje  Gregory  XIII ;  the 
rules  for  determining  the  day  of  the  week  for  past  or  future  events ; 
the  action  of  the  Nicene  Council  in  fixing  the  days  on  which  Easter 
and  other  movable  feasts  should  be  celebrated ;  the  frequent  adherence 
to  the  old  style  in  England,  by  making  rents  payable  on  the  old  quar- 
ter days,  and  many  other  items  of  interest  have  been  collected  with  an 
industry  and  fidelity  which  deserve  great  commendation. 

In  prejiaring  the  work,  the  statements  of  the  best  authorities  were 
collated,  and  information  which  was  found  scattered  in  various  vol- 
umes was  brought  together  in  a  condensed  form.  Many  useful  sug- 
gestions are  given  to  students,  and  a  brief  appendix  is  added  of  notes 
on  sundry  calendars,  by  Alexander  Wilcocks.  The  whole  may  be  read 
with  ])leasure  by  all  who  are  merely  in  search  of  general  information, 
and  special  students  of  history  or  genealogy  will  probably  find  in  its 
pages  every  important  fact  in  relation  to  the  subject  which  is  accessi- 
ble anywhere.  C. 


Sanitary  Engineering  ;  a  Guide  to  the  Construction  of  Works  of 
Sewerage  and  House  Drainage.  With  Tables  for  Facilitating  the 
Calculations  of  the  Engineer.  By  Baldwin  Latham,  C.  E.  New- 
York  :  G.  H.  Frost,  1877.     4to,  pp.  72. 

The  importance  of  good  sewerage  is  being  more  and  more  recog- 
nized, and  it  is  therefore  gratifying  that  the  above  work,  which  is  the 
only  comjilete  and  systematic  treatise  on  the  subject,  has  been  repub- 
lished and  is  sold  at  a  price  which  makes  it  accessible  to  all  who  are 
interested  in  the  matter.    Although  sjiecially  adapted  to  English  prac- 
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tice,  it  contains  the  guiding  principles  which  can  readily  be  adapted  to 
local  conditions  and  peculiarities. 

Beginning  with  a  general  inquiry  into  the  character  of  the  district 
to  be  sewered,  viz.,  the  geological,  physical  and  topographical  features, 
tlie  rainfall,  water  sujjply  and  population,  the  author  shows  their 
respective  bearings  on  the  proper  design  of  the  works.  He  then  enters 
into  the  discussion  of  the  course,  size  and  grade  of  sewers  necessary  to 
make  them  self-cleaning  and  otherwise  efficient.  The  merits  of  the 
various  sectional  forms  are  carefully  considered,  together  with  the  rela- 
tive advantages  of  the  materials  used  in  building  them.  We  are  then 
informed  of  the  importance  of  a  proper  mode  of  making  the  junctions 
with  sewers,  of  providing  flushing  arrangements,  and  due  space  is 
given  to  the  subjects  of  ventilation  and  trapping.  The  closing  chap- 
ters are  on  house  drainage. 

The  American  publisher  has  appended  a  very  full  set  of  specifica- 
tions for  the  construction  of  a  large  sewer  in  New  York  city,  and  a 
translation  of  the  very  valuable  pamphlet,  "  The  Planning  and  Build- 
ing of  Sewers,"  by  J.  Chailly,  both  of  M'hich  greiitly  add  in  worth  to 
the  above  work.  The  text  is  fully  illustrated  with  19  large  quarto 
plates.  H, 
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Hai.l  of  the  Institute,  Dec.  17th,  1879. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the 
President,  Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  174  members  and  66  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  17  persons  were  elected  members  of  the  Institute  at 
their  last  meeting. 

The  Secretary  reported  the  following  donations  to  the  Library : 

Reports  and  Awards.  Internat'l  Exhibition,  1876.  Philadelphia. 
J.  B.  Lippincott  &  Co.     1878. 

Report  of  the  Director  General.  Intern.  Exhibition,  1876.  Phila- 
delphia.    J.  B.  Lippincott  &  Co.     1879. 

Grounds  and  Buildings  of  Centennial  Exhibition.     Philada.,  1876. 

Reports  of  the  President,  Secretary  and  Executive  Committee  Cen- 
tennial Exhibition.     Philada.     J.  B.  Lippincott  &  Co.     1879. 
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Appendix  to  the  Reports  of  the  United  States  Centennial  Commis- 
sion and  Hoard  of  Finance.      Phihida.     J.  B.  Li})pin('ott  &  Co.  1879. 
From  the  United  States  Centennial  Commission. 

American  Engineering.     Illustrated.     By  G.  Weissenborn,  X.  Y. 
2  vols.  From  Fred'k  Crali". 

Report  of  Twelfth  Annual  Convention  of  the  American  Railway 
^litster  Mechanics'  Association.     1879.  From  the  Association. 

American  Engineering,  as  illustrated  by  the  Anier.  Society  of  Civil 
Engineers  at  the  Paris  Exposition  of  1878. 

From  John  Bogart,  New  York. 

Report  of  Prof.  S.  F.  Baird,  Secretary  of  the  Smithsonian  Institu- 
tion, for  1878.  From  the  Institution. 

Bulletin  of  the  U.  S.  Geol.  and  Geog.  Survey  of  the  Territories. 
Vol.  \,  No.  2.     Washington.     1879. 

From  the  Dept.  of  the  Interior. 

Annales  de  Chimie  et  de  Physique,  par  MM.  Chevreul,  Dumas,  etc. 
;3d  Ser.     Vols.  49 — 51  in  one  vol. 

From  Mr.  Henry  Pemberton,  Philadelphia. 

Second  Geological  Survey  of  Pennsylvania.  Reports  M2,  P  and  V. 
From  the  Board  of  Commissioners  of  the  Survey,  Harrisburg. 

Annual  Report  of  the  Council  of  the  City  of  Manchester  on  the 
Working  of  the  Public  Free  Libraries.     1878-79. 

From  the  Council. 

U.  S.  Geol.  and  Geog.  Survev  of  Colorado  and  adjacent  Territory* 
1876.     Tenth  Report,     by  F.  V.  Hayden. 

Report  on  the  Geology  of  the  Henry  Mountains.  By  G.  R.  Gil- 
bert.    Washington.     1877. 

Report  on  the  Lands  of  the  Arid  Region  of  the  United  States. 
AAlth  Maps.     By  J.  W.  Powelh 

From  the  Interior  Department,  Washington. 

Geological  Survey  of  Canada.  Report  of  Progress  from  its  Com- 
mencement to  1863.     Atlas  of  Maps  and  Sections.     Montreal.     1865. 

Report  of  Progress  for  1877-78.     With  Maps.     Montreal,    1879. 

Notes  on  the  Gold  of  Eastern  Canada.     Montreal.     1864. 

Remarks  on  the  Mining  Region  of  Lake  Superior.  By  W.  E. 
Logan.     Montreal.     1847. 

Petroleum.     Its  Geological  Relations  in  Gaspe.     Quebec.     1865. 

Canada.  A  Geographical,  Agricultural  and  Mineralogical  Sketch. 
Quebec.     1865. 

Report  on  Fossil  Plants.  Bv  J.  AV.  Dawson^  Montreal.  1871 
and  1873. 
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New  Species  of  Lower  Silurian  Fossils.     By  E.  Billings.  Montreal. 
1861. 

Lawrenthian  Limestones  of  North  America.     By  T.  S.  Hunt. 

Esquisse  Geologique  du  Canada.     Paris.     1867. 

Descriptive  Catalogue  of  a  Collection  of  the  Economic  Minerals  of 
Canada.     1862. 

Report  of  Dr.  T.  S.  Hunt  on  the  Gold  Region  of  Nova  Scotia. 
Ottawa.     1868. 

Reports  of  Mr.  A.  Michel  and  Dr.  T.  S.  Hunt  on  the  Gold  Region 
of  Canada.     1866. 

Catalogue  des  Mineraux,  Roches,  etc.,  du  Canada.  Par  B.  J.  Har- 
rington and  A.  C.  Sellwyn.     London.     1878. 

Catalogue  of  Silurian  Fossils.     By  E.  Billings.     jNIontreal. 

Descriptive  Catalogue  of  a  Collection  of  the  Economic  Minerals  of 
Canada;  and  Notes.     Montreal. 

Palaeozoic  Fossils.  Vol.  1,  1861-'65.  Vol.  2,  Pt.  1,  1874.  Mon- 
treal. 

Figures  and  Descriptions  of  Canadian  Organic  Remains.  Decades 
1 — 4.     Montreal.  From  the  Geological  Survey  of  Ganada. 

Specifications  and  Drawings  of  Patents.     July,  1879. 

From  U.  S.  Patent  Office. 

Fifty-Ninth  Annual  Report  of  the  Managers  of  the  Apprentices* 
Library  Co.     Philadelphia.  From  the  Company. 

J.  Snowden  Boll,  Esq.,  read  a  paper  on  "  Locomotive  Spark  Arrest- 
ers," and  some  remarks  were  made  on  the  subject  by  Mr.  John  W. 
Nystrom. 

Mr.  George  Richards  read  a  paper"  on  "  Standard  Sizes  in  Cylin- 
drical Fitting,"  which  was  discussed  by  Mr.  AVilliam  Sellers  and  other 
members. 

Mr.  Richard  S.  Rhodes  gave  some  account  of  his  "  Audiphone,"' 
and  several  forms  of  the  instrument  were  exhibited. 

Dr.  J.  Cheston  Morris  read  a  short  paper  on  "  Improved  Methods 
of  Milk  Shipment." 

The  Secretary's  Report  inclosed  an  account  of  the  "  Victor  Auto- 
matic Fire  Extinguisher,"  invented  by  Mr.  E.  Leonard ;  Janesville 
Safet}'  Lamps ;  Hydro-Carbon  Heating  Apparatus ;  Edison's  New 
Phonograph ;  Wilson's  Touroscope  ;  Cabinet  Orguinette  of  Mr.  Wm. 
Blasius ;  Tyson's  Improved  Motor  for  Sewing  Machines,  etc. ;  Lester's 
Milk  Cans ;  Warren  Milk  Bottles  ;  Robertson's  Horse  Slioe ;  Ivulinle's 
Patent  Stair-rod  Holder ;  and  Gelatine  Duplicating  Sheets. 
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The  President  announced  that,  in  accordance  with  Article  XIV, 
Section  7,  of  By-Laws,  nominations  should  be  made  at  this  meeting 
for  a  President,  two  Vice-President-*,  Secretary,  Treasurer,  eight  Man- 
agers, to  serve  for  three  years,  and  two  Auditors,  one  for  two  years 
and  one  for  three  years. 

Mr.  Jones  nominated  the  retiring  members  of  the  Board. 

The  following  members  were  placed  in  nomination : 

For  President,  William  P.  Tathara. 

F'or  Vice-Presidents,  Henry  Cartwright,  Charles  Bullock,  T.  Mor- 
ris Perot  and  Henry  G.  Morris. 

For  Secretary,  Dr.  Isaac  Norris  and  Hector  Orr. 

For  Treasurer,  Frederick  Fraley. 

For  Manarjers,  A.  B,  Burk,  J.  Smethurst,  Fred.  Graff,  J.  Eccles, 
S.  Sartain,  C.  Bullock,  E.  Lewis,  W.  Helme,  C.  H.  Banes,  C  Chabot, 
Prof.  E.  J.  Houston,  Prof.  Persifor  Frazer,  Jr.,  J.  G.  Baker,  A.  H. 
Disston,  R.  McCambridge,  J.  J.  Weaver  and  Dr.  C.  M.  Cresson. 

For  Auditors,  W.  A.  Cheney  and  W.  Biddle. 

For  Representative  in  Pennsylvania  Museum  and  School  of  Industrial 
Art,  Dr.  Isaac  Norris. 

The  President  appointed  the  following  members  to  act  as  tellers  at 
the  annual  election  to  be  held  Jan.  21st,  1880  :  W.  L.  Dubois,  John 
Canby,  Samuel  Sartain,  G.  M.  Sandgran,  J.  W.  Nystrom,  J.  J.  Weaver,, 
and  W.  B.  Cooper. 

On  motion  of  Mr.  Heyl,  it  was 

Resolved,  That  the  Secretary  be  directed  to  have  printed  a  sufficient 
number  of  lists  of  nominations  to  serve  as  ballots  at  the  annual  elec- 
tion, and  also  to  send  one  to  each  member  with  the  notice  of  next 
stated  meeting. 

On  motion  of  Mr.  Nystrom,  it  was 

Resolved,  That  the  Secretary  is  hereby  authorized  to  ask  permission 
of  the  Hartford  Boiler  Insurance  Company  to  procure  for  the  Insti- 
tute from  ^Messrs.  Newall  &  Sons  photographic  lantern  slides  of  the 
Wilt  &  Sons  boiler,  for  the  purpose  of  exhibiting  the  same  at  the  next 
meeting  of  the  Institute. 

On  inotion  the  meeting  adjourned. 

Isaac  Xorris,  M.  D.,  Secretary  pro  tem. 
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ON    THE    ANGULAR    PITCH    OF    SQUARE-THREADED 

SCREAYS. 


By  Wilfred  Lewis. 

The  efficiency  of  any  median  ism  is  measnred  by  the  ratio  of  its  use- 
ful work  to  the  work  consumed.  This  is  always  an  important  factor 
in  determining  the  excellence  of  machinery,  and  it  deserves  special 
consideration  in  the  case  of  feed  and  lifting  screws,  which  often  form 
essential  elements  of  a  design. 

The  screw  may  be  used,  in  practice,  either  as  a  means  of  performing 
work,  or  for  the  purpose  of  binding  and  holding  together  various 
parts  of  machines  or  structures.  In  the  latter  case  the  thread  is  gen- 
erally V-shaped,  and  its  pitch  and  depth  are  determined  Ijy  a  recog- 
nized standanl.  Here  the  stability  of  constructions  demands  a  small 
angular  pitch,  to  prevent  the  possibility  of  jarring  loose. 

In  the  former  case  the  square  thread  is  the  common  and  approved 
form,  but  no  special  standard  of  pitch  is  strictly  adhered  to,  and  incli- 
nations ranging  from  5°  to  30°  are  often  used. 

The  efficiency  of  a  screw  is  increased  by  the  reduction  of  its  fric- 
tional  work,  which  will  be  found  to  depend  upon  the  coefficient  of 
friction,  the  angular  pitch  of  the  thread,  the  shape  of  the  thread,  and 
Whole  No.  Vol.  CIX.— (Th  ibd  Seribs,  Vol .  1  x  x  ix. )  6 
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tlie  (liimu'tcr  of  the  supporting  step  or  collar.  It  is,  therefore,  desira- 
ble in  cases  where  the  screw  is  used  to  perform  work,  tliat  its 
frictional  resistance  should  be  reduced  to  a  mininiuni,  and  it  is  the 
object  of  this  pa])er  to  investigate  the  relation  between  angular  pitch 
and  frictional  ^\•ork,  and  to  derive  a  general  formula  by  which  the 
angle  corresj)onding  to  the  least  amount  of  frictional  work  can  l)e 
determined. 

The  first  step  neeessarv  toward  the  reduction  of  friction  is  that  the 
thread  shall  be  square.  This  seems  to  be  well  understood,  and  calls 
for  no  special  demonstration.  It  will  suffice  to  say  that  the  friction 
is  proportional  to  the  cosec.  of  the  angle  which  the  generating  line  of 
the  thread  makes  with  the  axis  of  tlie  screw. 

The  most  common  pitch  for  square  threads  is  double  that  of  A^ 
threads  for  the  same  diameter,  but  in  the  case  of  feed  and  lifting 
screws  this  is  sometimes  doubled,  or  even  trebled,  and  it  is  found  to 
be  true  that  the  work  done  in  overcomina:  a  y-iven  resistance  or  in  lift- 
ing  a  given  weight  is  thereby  lessened. 

The  reason  of  this  is  apparent,  for  in  screws  of  very  fine  pitch  it 
Avill  be  seen  that  an  undue  amount  of  work  is  performed  by  the  exces- 
sive sliding.  On  the  other  hand,  it  is  also  evident  that  if  too  coarse  a 
pitch  be  used  the  power  of  the  screw  will  be  again  lost  in  friction. 

It  therefore  becomes  necessary  to  determine  that  point  at  which  the 
least  amount  of  work  will  be  absorbed  by  friction. 

The  angle  at  which  this  takes  place  must  be  a  function  of  the  fric- 
tional resistances,  for  were  friction  left  out  of  consideration  the  work 
flone  in  raising  a  given  weight  a  given  distance  would  be  constant  and 
independent  of  the  pitch  used. 

The  force  necessary  to  slide  a  weight  up  or  down  an  inclined  plane 
is  clearly  demonstrated  in  Weisbach's  Mechanics,  and  a  similar  con- 
struction will  serve  to  determine  the  force  required  to  overcome  the 
resistance  of  a  screw. 

Let  the  right  angled  triangle  ABC  he  the  development  of  a  spiral, 
tlie  angle  a  being  equal  to  the  angular  pitch,  which  is  the  angle  of  the 
spiral  to  a  plane  normal  to  the  axis  of  the  screw.  Given  the  weight 
of  the  block  0,  represented  by  0  W,  to  find  the  magnitude  of  the 
force  parallel  to  AC,  which  will  cause  the  block  to  slide  up  the  incline 
AB.  Sq  Ls  the  component  of  W  along  AB,  and  N^  the  normal  com- 
ponent. 

Si  is  the  component  of  P  along  AB,  and  iV^j  the  normal. 
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iVfl  -{-  iVj  =  TFcos.  a  -\-  P  sin.  a,  Sy  —  Sq  =  P  cos.  a  —  Trsin.  a 
Let  <f  =  coefficient  of  friction,  then 

P  cos.  a  —  W  sin.  a  =  tp  W  cos.  a  -\-  tp  V  sin.  a 
or  P  COS.  a  =  TFsin.  a  -\-  cp  (TFcos.  a  -\-  P  sin.  a) 

multiplying  by  cosec.  a 

P  cot.  a  =  W  +  (p  TFcot.  a  +  ^  P 
whence  P  (cot.  a  —  f )  =  1?"^  +  (p  W  cot.  «  and 

p ir  +  (p  TFcot.  a  .- 

cot.  a  —  ip 

This  force  P  multiplied  by  the  mean  radius  of  the  screw  will  give 
the  twisting  moment  required  to  raise  a  given  weight  without  step  or 
collar. 

Similarly  it  may  be  shown  that  the  force  required  to  lower  a  given 
weight  may  be  expressed  by  the  equation 

p  _ip  IF  cot,  a  —  W  ^2) 

cot.  a  -\-  ip 

The  moment  required  to  overcome  the  resistance  of  a  step  or  collar 
is  equal  to  (p  W  into  the  mean  distance  of  the  rubbing  surface  from 
the  centre  of  the  screw. 

Let  R  =  outside  radius  of  collar. 

Let  r  =  inside  "  " 

Then  it  can  readily  be  shown  that  the  mean  radius 

The  same  formula  may  be  used  to  determine  the  mean  radius  of  the 
screw,  but,  inasmuch  as  r  is  seldom  le&s  than  '8  R,  it  will  in  most 
cases  be  sufficiently  accurate  to  assume  for  the  pitch  diameter  of  the 
screw  the  diameter  at  the  middle  of  the  thread. 

If  d  =  pitch  diameter  of  screw,  and 
D  =     "  "        "    step  or  collar, 

then  —  =  n  will  express  the  ratio  of  the  effective  lever  arms  of  col- 
d 

lar  and  thread. 

The  total  force  acting  at  the  pitch  line  of  the  screw  required  to  over- 
come all  resistances  will  then  be  expressed  by 

n         W-^cpW  cot.  a     ,  jr;r  f.s 

P  = -^ +  w  ^  y^'  (4) 

cot.  a  —  ^ 
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The  work  clone  in  rai.sin<^  a  wei*;ht  tlir()U<i:li  tlie  distance  BC,  con- 
sidered as  nnity,  will   be  expressed  by  the  equation,  P  cot.  a  =  work 

done  = 

T,r     cot.  a+<p  cot.^  a     ,  T,r     ,  /-\ 

W . LI -f  n  (f  I  ^  cot.  a.  (o) 

cot.  a  —  <f 

By  differentiating  and  equating  to  zero,  the  following  expression  is- 
obtained  for  the  angle  corresponding  to  the  least  amount  of  frictional 
work. 


cot.  a  =  -15  +      I "  +  'Q^-'J  =^  -9525 


cot.  a  =<p  +   J--^.  (6) 

Thus  when  the  coefficient  of  friction  and  the  value  of  n  are  knoAvn,. 
the  angular  pitch  corresponding  to  the  greatest  efficiency  is  readily 
obtained. 

For  example,  let  the  coefficient  of  friction  be  '15,  and  let  the  screw 
be  supported  upon  a  step  equal  in  diameter  to  the  root  of  the  thready, 
in  which  case  n  will  equal  about  "5. 

Then,  applying  the  formula 

a  =  46°  23' 

The  most  efficient  pitch  will  in  general  be  steeper  than  can  be  con- 
veniently made  in  practice,  and  it  is  besides  open  to  the  objections  of 
necessitating  a  large  increase  in  diameter,  and  of  diminishing  the 
power. 

In  order  to  choose  an  advantageous  pitch,  with  least  sacrifice  of 
power  or  material,  plates  1  and  2  have  been  constructed. 

In  plate  1  abscissoe  denote  the  angular  pitch  of  the  thread,  and  in 
plate  2  they  denote  the  long  or  axial  pitch  in  terms  of  the  pitch  diam- 
eter of  the  screw. 

Plate  2  has  ])een  constructed  by  substituting  the  corresponding  ordi- 
nates  in  plate  1,  and  is  given  as  a  form  more  convenient  for  practical 
use. 

In  these  plates  the  coefficient  of  friction  has  been  assumed  at  '15, 
as  determined  from  experiments  to  be  described. 

Ordinates  from  the  horizontal  line  aa,  measured  to  the  curves  de 
and  dj]  are  proportional  to  the  force  required  at  pitch  of  screw  to  raise 
or  lower  a  given  weight  when  n  =  0. 

Ordinates  are  to  be  measured  from  n,  n',  n",  when  n  =  -o,  1-5  and 
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S,  respectively.  From  which  it  follows  that  the  points  of  intersection 
of  r/f  with  a,  n,  9i'  and  ?i"  give  the  greatest  angle  at  which  the  screw 
will  stand  without  running  down  in  those  particular  cases. 

Ordinates  measured  from  aa  to  gh  and  gk  represent,  respectively, 
the  diameters  of  screws  for  equal  torsional  strength  and  for  equal 
angular  deflection. 

Ordinates  from  BB  to  the  curves  A,  N,  N'  and  X"  represent  the 
total  work  done  when  n  =  0,  '5,  1'5  and  3. 

BC  ^  useful  work  done,  and  ordinates  above  CC  =  frictional 
work. 

From  plate  1  it  becomes  evident  that  by  the  reduction  of  n'  to  n,  or 
a  change  from  an  ordinary  collar  to  step  bearing,  that  a  screw  whose 
pitch  was  5°  might  be  increased  to  13°  without  sacrifice  of  power,  and 
with  a  saving  of  '6  of  the  work  consumed  bj-  friction. 

To  find  the  force  required  to  turn  a  Y-threaded  screw,  let  ^  = 
angle  which  generating  line  of  thread  makes  Avith  the  axis,  then  from 

■equation  (4) 

rt  ^   Tr+t?  TFcot.  a     ,  ^Tr  /7\ 

P  =  cosec.  ,i '-L- +  ncf  U.  (/) 

cot.  a  —  ^ 

In  the  U.  S.  standard  V  thread,  ,3  =  60°  and  a  =  2^°   about, 

and  tiie  value  of  n  for  a  nut  or  bolt  head  =  1*5  nearly. 

Then,  bv  substitution  in  the  above  formula, 

P=  (m51+115^1??1  +  1.5X-15\   ir=-45  w 
\  22-9— -15  / 

When  friction  is  disregarded  P  should  equal  tan.  a  ir=  •0-437  IT. 
Hence  it  is  evident  that  the  stress  upon  a  standard  V  threaded  l)olt 
■will  be  only  ~^^j^,  or  *!  of  tlie  stress  calculated  in  disregard  of  fric- 
tion, and  this  has  been  actually  confirmed  by  experiment. 

Similarly  it  may  be  shown  that  the  stress  upon  a  common  square 
threaded  bolt  whose  angular  pitch  =  5°  is  '19  of  that  calculated  in 
'disregard  of  friction. 

The  stress  exerted  by  a  given  force  P  will  be  practically  the  same 
in  either  case,  although  the  square  thread  is  double  the  pitch  of  the  V, 
.and  this  is  a  striking  proof  of  tlie  disadvantage  of  using  very  fine 
pitches. 

The  coefficient  of  friction  'Id  was  determined  by  experiments  upon 
the  feed  screw  of  a  36-inch  vertical  drill  at  the  machine  works  of  AVm. 
Sellers  &  Co.  The  essential  features  of  the  apparatus  are  shown  in 
Fis:.  2. 
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Tlie  feed  screw  to  wliich  the  si)indle  is  attaclied  is  suspended  in  ii 
cast  iron  nut,  and  is  prevented  from  revolving  with  tlie  nut  bv  linkf-*. 
at  A. 

A  cord  was  wound  around  the  circumference  of  this  nut,  to  which, 
after  jiassing  over  a  pulley,  weights  were  suspende<l  at  F.  Weights, 
ranging  from  50  to  2000  lbs.  were  suspended  at  W^  and  the  force  at 
F  necessary  to  start  the  nut  as  well  as  to  keep  it  in  niotion  was  care- 
fully determined  in  each  case. 

It  was  in  general  found  that  the  force  required  to  start  the  nut  was 
about  1*3  times  that  required  to  keep  it  in  motion,  and  that  the  force- 
required  to  keep  it  in  motion  varied  slightly  with  the  speed,  growing; 
less  as  the  speed  increased. 

But  inasmuch  as  there  was  no  available  means  of  determining  the- 
rate  of  motion,  the  speed  was  kept  as  slow  as  possible.  Due  allowance- 
was  made  for  the  friction  of  the  pulley  and  the  coefficient  ip  calculated 
by  substitution  in  equation  (4). 

It  is  sometimes  necessary,  apart  from  the  questions  of  torsional, 
strength  and  angular  deflection,  to  know  the  combined  effects  of  torsion 
and  tension  upon  a  movable  nut  worked  by  the  screw,  in  order  ta 
insure  steadiness  of  motion.  In  other  Avords,  to  find  the  ratio  of  the 
diameters  of  screws  of  various  pitches  in  which  the  total  resilience  shall 
be  constant. 

Thus,  let  it  be  required  to  find  the  diameter  of  any  screw  whose- 
total  resilience  shall  be  equal  to  that  of  a  screw  whose  diameter  is  unity 
and  angular  pitch  indefinitely  small. 

The  elastic  extension  of  wrought  iron  under  a  proof  load  of  30,000' 
pounds,  is,  according  to  D.  K.  Clark,  about  *0011  times  its  lengthy 
and  it  can  be  deduced,  from  the  formulae  for  deflection  given  by  the 
same  author,  that  a  load  of  30,000  pounds  applied  at  the  circumfer- 
ence of  a  shaft  of  1  inch  section  will  produce  a  circular  deflection  of 
•0154  times  the  length  of  the  shaft.  It  therefore  follows  that  ^vhen. 
P  =  W  the  ratio  of  circular  deflection  to  linear  extension  will  be 

=  14,  and  if  the  linear  extension  be  assumed  at  unity  the  cir- 

•0011  ^ 

cular  deflection  will  be  14  times  — ,  as  calculated  by  equation  (1),  or 

by  14  P  when  W  is  assumed  at  unity,  and  for  the  sake  of  simplicity 
this  assumption  will  be  made  in  all  subsequent  formulae. 
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The  resilience  of  extension  is  felt  directly  by  the  movable  nut,  but 
that  of  circular  deflection  must  be  multiplied  by  the  tangent  of  the 
angular  pitch,  to  determine  its  effect  upon  the  steadiness  of  motion. 
Both  vary  inversely  as  the  square  of  the  diameter  of  the  screw  when 
the  resistance  is  constant,  and  hence  the  conditions  necessary  to 
insure  equal  steadiness  of  motion  in  screws  of  various  pitches,  having 
tlie  same  resistance  to  overcome,  are  expressed  by  the  equation 

1  +  14  P  tan.  a  .     , 

— I =  a  constant. 

d' 

The  ratio  of  the  diameters  can,  therefore,  be  determined  by  the 
equation 

d  =  V  1  +  14  P  tan.  a  (8) 

By  substituting  the  values  of  tan.  a  tlie  following  values  of  d  are 
obtained : 

When  a=    0°  fZ  =  1        Wlien  a  =    5°  c?  =  1-13 
"      az=10°  (/=l-35       "      a  =  20°d=l-94 
"      a  =  30°  d  =  2-74       "      a  =  40°  d  =  3-64 
"       a=50°(Z=5'14       "       a=60°c?=7-75 
For  steel  the  ratio  of  circular  deflection  to  linear  extension  may  be 
taken  at  7,  and  a  curve  similar  to  that  for  wrouglit  iron  calculated  by 
the  formula 


d  =  I    1  -j-  7  P  tan.  a  (9) 

The  curve  of  diameters  for  uniform  total  resilience  in  wrought  iron 
is  represented  by  dl,  and  thus  the  power,  strength,  stiffness,  resilience 
and  frictional  work  for  any  pitch  can  at  once  be  seen. 

Another  curve,  showing  the  comparative  steadiness  of  motion  in 
screws  of  the  same  diameter  but  of  different  pitches,  might  be  com- 
puted by  the  formula  1  +  14  P  tan.  a  =  comparative  resilience  of 
screws  of  constant  diameter. 

The  application  of  the  preceding  principles  to  differential  screws 
shows  an  enormous  loss  in  frictional  work  without  the  commonly  sup- 
posed gain  in  power.*  If,  in  Fig.  2,  the  cast  iron  nut  which  revolves 
upon  its  bearing  should  be  made  to  move  longitudinally,  by  having  a 
thread,  whose  pitch  should  be  in  the  same  direction  as  the  internal 

*  The  word  power  is  used  advisedly  in  the  sense  of  foi-ce,  and  nothing  more  tlian 

W 
the  relation  —  should  be  understood  by  it. 
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thread,  cut  upon  its  outer  surface,  then  the  advance  of  the  spindle 
would  be  measured  by  the  difference  in  axial  pitch  of  the  two  screws. 

The  throw  of  the  spindle,  however,  would  be  necessarily  much 
restricted  by  such  an  arrangement,  and  the  substitute  is  sometimes 
resorted  to,  of  making  the  screw  and  nut  both  revolve  in  the  same 
direction  by  suitable  gearing. 

In  either  case  the  object  of  the  device  is  to  multiply  the  power  with- 
out reducing  the  size  of  the  thread  to  that  of  a  corresponding  simple 
screw  and  nut. 

How  much  the  power  may  be  multiplied  can  be  determined  fron)  a 
general  solution  for  each  case. 

In  the  first  case,  let 

a  =  diam.  of  external  screw ;         e  =  axial  pitch  of  external  screw ; 

b  =      "  internal      "  /  =     "         "        internal      " 

'-=z  (J  =  ratio  of  diameters;  ^  =p  ::=  ratio  of  pitches ; 

a  e 

a  =  angular  pitch  of  external  screw ; 

■i=      "  "  internal      " 

rp,           ,           t:  a        1      i.    o       7^  6          ,       eb       t: da 
iiien  cot.  a  = ,  and  cot.  ji  = =  cot.  a —  = 

c  f  af        pe 

The  force  required  at  pitch  line  of  external  screw  to  move  it  against 
a  resisting  weight  can  be  determined  from  equations  (1)  and  (2), 
and  may  be  expressed  by 

-I  j_  <p^  (I  f  t:  d  a       1 

— —<p        —  +  <p 

e  p  e 

and  the  force  required  to  turn  it  in  the  opposite  direction  will  be  given 
by  the  equation 

ifTZ  a 1  (f  t:  d  a    .    ^ 

_  e  p  e 

F,  =  P,-i-P= -h  d  —J (11) 

^  '  .      7l  a    ,         '         7z  d  a  ^ 

+  <f  —  <P 

e  ])  ^ 

The  direction  in  which  the  external  screw  should  be  turned  in  order 
to  perform  work  against  resistance,  depends  upon  the  relative  magni- 
tudes of  e  and/". 

\Mien  e>/,  equation  (10)  expresses  the  force  required  to  raise  a 
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weight,  and  equation  (11)  the  force  required  to  lower  it,  and  vice 
versa. 

For  example,  let  a  =  2  •  6  =  1  •  e  =  '5,  and/  =  -4,  then  d  =  -b 
and  p  =  -8,  and  applying  formula  (10) : 

P  =  -2325,  Pi  =  -0111,  and  consequently  F  =  -2430 

Also  from  formula  (H): 

P^  =  -07,  P  =  -1115,  and  F^  =  -1815 

Here  there  is  actually  less  power  gained  than  could  have  been 
derived  from  the  outside  screw  alone  when  used  without  step  or  collar. 

The  total  work  done  is  given  by  the  formula 

U  =  -^^^^  =  -24  X  3-14  X  2  ^  ;^ 5 . 7 
e-f  -1 

times  the  useful  work. 

When  the  screw  and  nut  both  revolve  with  different  angular  veloci- 
ties there  are  three  pairs  of  rubbing  surfaces,  the  step  upon  tlie  screw, 
the  collar  upon  the  nut,  and  the  screw  threads  themselves. 

Let  n  =  ratio  of  eifective  diameters  of  step  and  screw ; 

u     ,^i^     a  u  u  jj^^t  « 

"    a  =  angular  pitch  of  screw  ; 

Then,  when  v  >  v^  the  force  required  to  turn  the  screw  at  its  pitch 
line  against  a  resistance  can  be  expressed  by  the  equation 

T-,       1  -f  c?  cot.  a    ,             ,    ^'V    1         il  +  c  cot.  a\  /,o> 

i' ^ — —L -\- 11  (p  -\- — [n^  (f — I — L_L I  (12) 

cot.  a  —  (p  V  \  cot.  a  —  (f  / 

and  when  v^  >  r,  the  equation  becomes 

ri        1  +  ^  cot.  a    ,       1        I      V  /  1  +  ^  cot.  «\  /,  .-,\ 

cot.  a  —  <f  v^\  cot.  a  —  (p  / 

The  force  required  to  lower  a  weight  when  v  >  vMs 

TP        c?  cot.  a  —  1    ,             ,     t'V    1          CP  cot.  a  —  1\  ,,  .x 

Pi  =  l +  n  (p -\- —In^  (f —r — J  (14) 

cot.  «  +  f  i'  ^  cot.  a  -^  <p  / 

and  when  u  ^  >  r  the  equation  becomes 

J-.         (f  cot.  a  —  1           ,       I    V  /              (f  cot.  a  —  1\  .^  -n 

F,  =  V_ . +  „i  ^.  +      In  <p  -  '1—^ J  (lo) 

cot.  a  -{-  (p  r '  \  cot.  a  -{-  (p  / 

To  take  an  example,  let  ?i  =  '5,  n^  ^  I'o,  a  =  5°,  v  =  3,  and 
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j;'=2,  then  from  equation  (12)i<'=-305  The  ratio  of  the  total 
work  consumed  to  the  useful  woi'k  done  can  be  obtained  from  this  by 
tlie  formula 

C7=i^cot.  « ^—  (16) 

V  —  v^ 

when  V  >>  r ',  or  by 

f7=i''cot.«-iL_  (17) 

when  ?'*  >  V,  and  for  the  present  case  U  =  10"46.  The  same  screw 
working  in  a  fixed  nut  would  give  P  ^ '315  and  U  ^  2t'Q,  and 
thus  from  the  above  formula  the  power  and  efficiency  for  either  form 
of  differential  screw  can  be  determined,  and  the  inefficiency  and 
absurdity  of  any  particular  case  thereby  demonstrated. 


Explosion  of  Carbonic  Acid  in  a  Coal  Mine. — Delesse  gives 
an  interesting  account  of  a  remarkable  explosion  in  the  coal  mine  of 
Rochebelle.  Two  miners  who  were  at  work  in  a  shaft,  at  a  depth  of 
345  metres  (377*3  yards),  heard  a  noise  like  a  blast,  but  shorter;  less 
than  a  minute  afterwards  they  heard  a  second  report,  louder  than  the 
first,  but  which  was  not  heard  by  the  attendant  at  the  opening  of  the 
shaft.  Their  lamps. Avere  extinguished  and  they  felt  great  oppression^ 
but  were  able  to  give  the  signal  so  as  to  be  drawn  to  the  surface,  and 
thus  escape  death.  Three  miners  were  suffocated  in  the  galleries  lead- 
ing from  the  shaft.  The  explosions  were  at  first  attributed  to  fire- 
damp, but  the  bodies  and  clothing  of  the  victims  showed  no  trace  of 
fire ;  none  of  the  loose  gunpowder  or  cartridges  took  fire.  Xo  fire- 
damp has  ever  been  observed  in  the  mine,  but  occasional  outbursts  of 
carbonic  acid  have  been  noticed  and  guarded  against  by  special  ven- 
tilation. On  examining  the  locality  of  the  explosion  a  hole  was 
found  not  less  than  6  metres  deep  (()"562  yards),  and  of  capacity  suffi- 
cient to  have  contained  about  76  tons  of  coal.  Delesse  attributes  the 
explosion  to  the  action  of  sulphuric  acid,  generated  by  iron  pyrites^ 
gradually  dissolving  in  the  subterranean  Avaters  and  penetrating  to 
underlying  beds  of  limestone.  The  gas  penetrating  the  crevices  of 
the  coal  would  accumulate,  producing  a  constantly  increasing  prcssnre 
until  it  acquired  force  enough  to  make  the  explosions. — Compter 
Ben  das.  C. 
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DEPHOSPHORIZATIOX  OF  IROX, 


By  F.  Gautier. 

A  paper  read  before  the  Society  of  Civil  Engineers  of  Paris,  July  4th,  1879. 
Translated  bv  CHAS.  E.  BILLIX. 


Dephosphorization  is  a  problem  of  great  importance  in  metallurgy^ 
in  the  proportion  of  one  per  cent,  phosphorus  renders  iron  ejisily  fusi- 
ble, a  property  precious  in  the  foundry,  without  doubt,  but  unfortun- 
ately accompanied  by  a  very  great  fragility.  One-half  per  cent. 
renders  the  iron  more  malleable  and  easier  to  weld  when  hot,  but  the 
fibre  is  replaced  by  a  flat  grain  without  resistance. 

In  steel  low  in  carbon,  0*1  per  cent,  renders  rolling  impossible,  pre- 
vents tempering,  and  gives  a  brittle  metal  unfit  for  any  use. 

I  will  not  enlarge  upon  these  disadvantages  of  phosphorus ;  they 
are  known  to  you  all.  It  will  be  sufficient  for  me  to  recall  them  in 
passing. 

Unfortunately,  phosphorus  is  of  ver)'  common  occurrence  in  the 
ores  of  iron.  The  most  abundant  ores  are  the  poorest  in  iron,  and 
also  contain  the  greatest  per  cent,  of  phosphorus.  These  ores  are 
characterized  generally  by  one-half  per  cent,  of  phosphorus,  accom- 
panied by  about  thirty  per  cent  of  iron.  Iron  made  from  them  con- 
tains 1*5  to  2'0  per  cent,  of  phosphorus. 

In  the  ore  the  phosj)horus  is  generally  in  the  state  of  phosphate  of 
lime  or  alumina.  These  phosphates  are  not  decomposable  by  heat,  and 
are  irreducible  by  carbon  or  carbonic  oxide.  In  order  to  displace  the 
phosphoric  acid,  the  presence  of  siliai  is  necessary.  This  forms  an 
earthy  silicate,  and  then  permits  the  carbon,  or  carbonic  oxide,  to 
exercise  its  reducing  action  and  to  free  the  phosphorus. 

In  the  blast  furnace  and  in  presence  of  an  excess  of  iron,  these  reac- 
tions lead  finally  to  the  production  of  phosphuret  of  iron,  which  dis- 
seminates itself  through  the  metal.  When  the  phosphorus  is  in 
the  state  of  metallic  phosphate,  its  reduction  takes  place  without  the 
intervention  of  silica,  and  at  a  lower  temperature. 

It  is  thus  that  all  the  phosphonis  of  the  furnace  burden,  ore,  flux  and 
fuel  concentrates  itself  in  the  pig  meted,  and  this  is  even  more  the  case 


84  Dephosphorization  of  Iron.  [Jour.  Frank.  Inst., 

M'hen  tlie  furnace  is  working  very  cold,  for  then  traces  of  this  danger- 
ous metalloid  are  found  in  the  slag. 

It  is  easy  to  comprehend,  in  the  presence  of  this  fatal  accumulation 
of  ])]iosphonis  in  tlie  ])ig  metal,  Avhich  is  the  first  material  in  the  iron 
and  steel  industry,  that  attempts  have  been  made  to  purify  the  ores. 

I  spoke  to  you,  some  years  ago,  of  attempts  at  dephosphorization 
Avhich  I  had  witnessed  in  Bohemian  w'orks.  At  Kladno  they  sought 
to  di.s.solve  the  phosphate  of  lime  and  of  alumina  of  the  ore  by  scour- 
ing with  a  solution  of  sulphurous  acid.  They  only  succeeded  in  a 
reduction  of  30  ])er  cent.,  and  this  at  an  expense  of  30  francs  ($6)  per 
ton  of  metal.  It  was  a  cumbrous  process,  not  practical,  and  has  been 
almost  forgotten. 

What  is  to  be  done,  then  ?     Attack  the  pig  metal  direct. 

To  be  better  able  to  judge  of  the  real  progress,  it  will  be  well  to 
review  the  different  methods  employed. 

Dephosphorization  in  Puddling  - — In  the  rev^erberatory  furnace,  on 
a  cast  iron  bed-plate  covered  with  oxide  of  iron,  the  metal  is  kept  in 
a  li(|uid  state.  The  oxidizing  action  produced  by  the  contact  with  the 
oxide  of  iron,  by  the  free  oxygen  from  the  ga.ses  of  the  hearth,  and 
by  the  air,  which  enters  at  the  doors,  is  further  facilitated  by 
the  energetic  working  of  the  metal,  which  renews  the  exposed  sur- 
faces.    This  constitutes  the  work  of  puddling. 

The  most  oxidizable  bodies,  silicium  and  manganese,  are  the  first  to 
pass  off'  in  the  slag.  As  to  the  phosphorus,  the  final  elimination  of 
which  generally  attains  to  60  per  cent.,  it  is  usually  admitted  that  it  is 
tran.sformed  in  part  into  phosphate  of  iron,  but  above  everything  else 
its  elimination  is  attributed  to  the  liquation.  AVlien  the  metal  clears 
itself  of  foreign  elements  that  it  contains  it  becomes  less  fusible,  and 
passes  into  a  solid  state  in  the'  midst  of  liquid  slag,  which  surrounds 
it.  It  is  at  this  moment  that  occurs  the  greatest  purification  during 
the  puddling. 

The  liquation  certainly  plays  a  very  important  role,  but  the  single 
process  of  the  fusion  of  the  iron  in  contact  with  the  oxide  of  iron  of 
the  bed  of  the  furnace,  constitutes  a  dephosphorization  of  40  per  cent. 
This  is  a  point  to  M'liicli  I  wish  to  call  your  attention  for  a  moment, 
because  it  throws  a  certain  light  on  the  processes  which  Ave  will  study 
together  later. 

We  find  in  the  scientific  studies  of  M.  Snelus,  on  Bank's  Mechani- 
cal Puddling,  the  following  results : 
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This  is  a  fact  which  I  have  equally  verified  in  melting  some  of  the 
phosphoric  iron  of  the  Moselle  on  the  bed  of  a  furnace  and  then  i)ud- 
dling  it. 

Pig  metal,      .         .         .         1'65  per  cent,  of  phosphonis. 
Melted  iron,        .         .         •    0-90       "  " 

Puddled  iron,         .         .  0-64       "  " 

The  total  dephosphorization  is  61  per  cent.,  of  which  46  per  cent- 
is  due  to  the  action  of  fusing  it  on  the  bed  of  the  furnace  with  oxide 
of  iron.  Only  15  per  cent.,  therefore,  is  due  to  further  oxidation  and 
to  liquation. 

Special  Dephosphorization  in  Puddling  with  Manganiferous  Iron. — 
When  puddling  has  for  its  object  the  production  of  a  s}>ecially  pure 
iron,  it  is  accomplished  by  adding  manganese.  This  is  a  very  recent 
industry,  which  had  its  origin  in  Belgium,  whence  it  afterwards 
extended  into  Germany  and  a  part  of  France. 

To  the  iron  containing  phosphorus  is  added  spiegeleisen  in  such 
quantities  as  to  have  in  the  mixture  from  2  to  3  per  cent,  of  manga- 
nese; then  it  is  puddled  at  a  high  temperature.  The  presence  of 
manganese  retards  the  purification  and  increases  the  amount  of  neces- 
sary working.  The  number  of  charges,  in  a  turn  of  twelve  hours, 
Avith  a  furnace  for  two  workers,  falls  from  8  or  9  to  4,  and  the  pro- 
duct decreases  from  1500  kilogrammes  to  900.  The  waste  or  loss  is 
not  very  great  because  it  is  hidden  by  a  considerable  consumption  of 
scrap  iron,  which  is  used  to  maintain  or  keep  up  the  furnace  bed,  but 
the  dephosphorization  is  energetic  and  can  attain  to  97  per  cent. 
^Vith  an  iron  containing  1*6  per  cent,  of  phosphorus,  which,  without 
manganese  would  yield  after  puddling  0*6  to  0*7  per  cent.,  fhere  is 
often  obtained  an  iron  which  contains  only  a  half-thousandth  of  phos- 
phorus, as  shown  in  the  following  table  : 
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Pig  Iron.     McIUmI  Iron.  Puddled  Iron. 

Carbon,  3-5  ;3-3  0-15 

Silicon,  ri  0*3  trace 

Manganese,  2-6  0-6  0-06 

Pliosphorus,  1-G  0-5  0*05 

Tlie  simple  fu.sion  of  the  iron  lias  led  to  a  depliosphorization  even 
greater  than  shown  in  preceding  examples. 

En  resumi,  this  is  a  very  satisfactory  purification,  but  it  is  exces- 
sively expensive  and  can  only  lead  to  the  satisfaction  of  very  special 
needs. 

The  Heaton  Process  created  some  stir  in  England  ten  years  ago,  and 
has  been  the  object  of  very  complete  and  interesting  studies  on  the 
part  of  M.  Grinicr. 

Into  a  cylindrical  vessel  of  sheet  iron,  lined  Avitli  refractory  earth, 
is  poured  the  molten  metal.  The  bottom  of  this  vessel  is  a  plate  of 
cast  iron,  or,  better  still,  a  piece  of  sheet  iron,  4  millimetres  thick, 
which  is  pierced  by  holes  and  destined  to  be  melted  down  by  contact 
with  the  molten  iron,  which  then  tumbles  into  a  sort  of  caldron  con- 
taining nitrate  of  soda.  This  salt  is  decomposed  instantly,  and  pro- 
duces compounds  of  oxygen  and  nitrogen,  which  traverse  the  column 
of  liquid  metal,  and  make  it  undergo  in  a  few  moments  of  time  an 
energetic  purification.  An  iron  with  1*5  per  cent,  of  phosphorus  gave 
a  half  solid  product,  still  having  0"6  to  0*9  of  phosphorus  and  0'14  to 
0*1 6  of  silica.  This  was  not  cast  iron,  for  the  decarburation  was  con- 
siderable, and  neither  wa-s  it  wrought  iron  nor  steel.  The  waste  Avas 
only  5  or  6  per  cent.,  but  the  amount  of  nitrate  used  ought  to  be  more 
than  10  per  cent.,  in  order  to  obtain  good  results.  In  short,  the  pro- 
cess was  incomplete,  expensive,  and  could  only  furnish  the  first  mate- 
rial for  the  manufacture  of  -  steel  in  the  Martin-Siemens  furnace ; 
therefore  it  was  not  used. 

Here  stops  the  account  of  means  for  depliosphorization  placed  at  the 
disposal  of  metallurgists,  until  within  the  last  few  years. 

TJie  Bessemer  Process  gives  no  purification  whatever,  but  on  the 
contrary,  a  concentration  of  the  phosphorus  in  proportion  to  the  waste. 

It  is  thus  that  with  Cleveland  iron,  containing  1*46  per  cent,  of 
phosphorus,  Mr.  I.  Lowthian  Bell  obtained  steel  with  1-G2  per  cent., 
and  at  the  Essen  Steel  Works,  with  the  same  iron,  was  produced  a 
steel"  containing  1*77  per  cent. 

In  the  Martin-Siemens  process,  which  produces  steel  on  the  bed- 
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plate  of  a  reverberatory  furnace  by  melting  a  mixture  of  cast  iron 
and  scrap,  either  wrought  iron  or  steel,  there  is  the  same  concentra- 
tion of  phosphorus. 

Whence  comes,  then,  this  anomaly  ?  The  theory  of  dephosphoriza- 
tion  is  not  yet  complete,  but  we  agree  more  or  less  in  acknowledging 
that  several  conditions  concur  to  produce  purification. 

1st.  Oxidizing  action,  for  transforming  the  phosphorus  into  phos- 
phoric acid. 

2d.  Basic  slag,  in  order  to  permit  the  absorption  of  silica,  which  is 
of  necessity  encountered  in  all  metallurgical  operations,  and  to  facili- 
tate the  combination  of  the  phosphoric  acid  produced. 

3d.  Liquation,  *  or  the  separation  of  the  solid  product  from  the 
phosphoric  slags  which  proceed  from  the  refining  and  flow  off  in  a 
liquid  state. 

Finally,  the  temperature,  to  which  of  late  has  been  attributed  a  cer- 
tain influence,  either  that  its  elevation  decomposes  the  phosphates  pro- 
duced, or,  rather,  tliat  the  basic  affinities  of  the  silica  are  quickly 
excited  and  set  the  phosphates  at  liberty. 

All  these  conditions  certainly  have  not  equal  influences,  but  each 
seems  to  have  its  own. 

In  puddling  Ave  meet  an  energetic  oxidizing  action,  produced  as 
much  by  the  action  of  the  peroxide  of  iron  which  constitutes  the  fur- 
nace lining  as  by  the  peroxidized  slag  under  the  influence  of  free 
oxygen  contained  in  the  products  of  combustion.  The  air  entering  at 
the  doors  is  another  cause  of  oxidation  which  we  must  not  forget. 
The  basic  state  of  the  slag  is  not  doubted,  since  the  bed  of  the  furnace 
is  entirely  covered  Avith  oxide  of  iron,  and  as  the  slag  en  presence  con- 
tains commonly  10  to  12  per  cent,  of  silica,  and  rarely  more  than  20 
per  cent.  As  to  the  liquation,  it  is  characteristic  of  this  operation ; 
there  has  been,  perhaps,  an  exaggerated  importance  attached  to  this 
portion  of  the  process  in  explaining  the  elimination  of  phosj^horus ; 
some  one  has  even  gone  so  far  as  to  say  that  wrought  iron  forming  (or 
"coming  to  nature")  in  the  midst  of  a  phosphoric  slag  is  like  ice,  free 
from  salt,  being  formed  by  the  freezing  of  sea  water.  The  temperature 
in  puddling  is  relatively  low ;  moreover,  it  has  been  found  in  the  treatment 
of  certain  iron,  very  high  in  phosphorus,  that  it  was  important,  in 
order  to  obtain  a  good  purification,  not  to  have  the  heat  too  intense. 

*  This  portion  of  the  puddliug  process  is  called  by  American  puddlers  "  coming  to 
nature."  C.  E.  B. 
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We  see,  then,  tluit  in  puddling;,  all  the  coiulition.s  more  or  les.s  known 
Its  nece&sary  to  dephospliorization  are  to  a  j^reat  measure  fulfilled,  and 
make  of  this  })rocess  an  energetic  method  of  purification. 

In  the  Heaton  [)roeess  what  do  we  find  ?  The  oxidizing  action,. 
although  of  short  duration  (it  lasts  only  from  2  to  5  minutes),  has  liere  an 
inteia.sity  i)eculiar  to  this  process;  it  is  an  explosive,  instantaneous 
action,  utilizing  the  oxygen  as  soon  as  it  is  free,  or  feebly  combined 
with  nitrogen  in  easily  dissociable  products.  The  slag  is  basic,  for  it 
contiiins  a  minimum  of  30  per  cent,  of  soda,  which  has  powerful  affin- 
ities, and  10  to  20  per  cent,  of  oxide  of  iron ;  it  also  contains  some- 
times 54  per  cent,  of  silica.  The  product  was  pasty  and  only  half 
fluid ;  there  was  a  kind  of  liquation,  which  did  not  show  itself  in  any 
way  except  when  the  spongy  metal,  filled  with  slag,  was  reheated  and 
hammered.  Finally,  the  temperature  is  relatively  low,  and  certainly 
would  not  permit  the  phosphate  products  being  decomposed  either  by 
the  heat  alone  or  by  the  exaltation  of  the  basic  affinities  of  the  silica. 
This  is  certainly  a  group  of  fixvorable  conditions,  which  explain  suffi- 
ciently the  purifying  character  of  this  process. 

It  will  not  be  the  same  if  we  consider  the  Bessemer  operation. 
Although  the  oxidizing  action  is  of  an  extraordinary  intensity,  the 
slags  are  very  silicious,  containing  from  40  to  50  per  cent,  of  silica,, 
which  is  derived  as  much  from  the  silica  of  the  metal  as  from  the 
lining,  essentially  silicious,  of  the  converter.  It  is  not  necessary  to 
speak  of  the  liquation,  since  the  product  is  extremely  fluid,  like  the 
slag  which  covers  it.  As  to  the  temperature,  it  is  excessively  high^ 
and  Ave  can  reasonably  believe,  as  regards  this  portion  of  the  process^ 
that  it  is  sufficient  to  prevent  all  stable  combinations  of  the  phosphoric 
acid  with  the  slag. 

These  conditions,  that  we  also  find  in  the  Martin-Siemens,  with,  how- 
ever, a  more  feeble  oxidizing  action,  certainly  do  not  constitute  a  satis- 
factory ensemble  when  dephosphorization  alone  is  considered,  and  we 
can  scarcely  be  astonished  that  the  purification  amounts  to  nothing 
in  either  one  or  the  other  of  these  processes  for  the  manufacture  of 
steel. 

One  can  even  go  further,  and  say  that  most  prominent  metallurgists 
had  lost  hope  of  applying  to  steel  any  method  of  dephosphorization. 

In  presence  of  these  difficulties,  that  neither  the  chemist  nor  the 
empiricist  seemed  able  to  surmount,  we  had  tjiken  up  with  interest  a 
solution  which  permitted  leaving  in  the  steel  a  proportion  of  phospho- 
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riis  five  or  six  times  greater  than  what  had  been  thought  possible 
before  this. 

^I.  Euverte  explained,  some  years  ago,  how,  thanks  to  the  employ- 
ment of  ferro-mano-anese,  a  redneins:  ao;ent  more  concentrated  and 
energetic  than  spiegel,  the  final  oxidation  of  the  metallic  bath  in  the 
Bessemer  and  ]Martin-Siemens  processes,  could  be  raised  without  intro- 
ducing into  the  steel  so  large  a  quantity  of  carbon.  He  showed,  also, 
how  the  diminution  of  carbon  permitted  leaving  in  the  steel  three  or 
four  thousandths  of  phosphorus  without  injuring  the  product  suffi- 
ciently to  prevent  its  being  used  for  rails.  This  was  a  vast  field 
opened  to  the  employment  of  iron  rails,  for  their  conversion  in  the 
Martin-Siemens  furnace  into  steel  rails  of  a  good  quality,  containing 
|)hosphorus;  but  it  was  not  the  dephosphorization  of  impure  pig 
metal. 

The  above  has  been  the  necessary  preface  to  the  important  question 
which  is  the  subject  of  this  communication. 

From  this  point  the  subject  divides  into  two  portions : 

1st.  Dephosphorizing  operations,  without  the  elimination  of  the 
carbon,  or  furnace  purification  [mazkiges  epurateiirs). 

2d.  Manufacture  of  steel  from  phosphoric  pig  metal. 

1st.  Furnace  Purification. 
Mr.  I.  Lowthian  Bell,  whose  numerous  and  interesting  works  on  the 
blast  furnace  have  giv'en  him  a  reputation  of  the  first  order,  has  obtained 
remarkable  results  in  the  dephosphorization  of  Clarence  })ig  iron,  of 
which  tlie  extreme  limits  of  composition  are  as  follows  : 

Carbon,      .  .  .  .  3'670  to  3-20 

Silicon,  ....       2-810  to  1-50 

Sulphur,    ....  0-102  to  0-02 

Pho,sphorus,     ....       1-930  to  1-08 
This  is  iron  made  from  Cleveland  ores  without  mixing  those  of  other 
origin. 

We  have  seen  that,  in  treating  Cleveland  iron  containing  1-46  per 
cent,  of  phosphorus,  by  the  Bessemer  process,  Mr.  Bell,  obtained  steel 
which  contained  1-62  per  cent.,  the  lining  of  the  converter  being  gan~ 
nister,  or  nearly  pure  silica. 

With  the  same  lining  and  an  addition  of  30  per  cent,  of  pure  oxide 
of  iron  mixed  with  the  melted  slag,  he  did  not  obtain  any  better  result. 
He  had  then  an  intense  boiling,  but  no  dephosphorization.     Trying  to 
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account  lor  lii.s  un.succcss,  Mr.  JJell  attributo<l  it  to  tlie  iniporfect  con- 
tact of  the  metal  witli  the  oxitle  of  iron,  and  made  another  attempt. 

In  the  same  converter  he  blew  the  metal  bej'ond  the  ordinary  stoj)- 
pinji"  jioint  in  Bessemer  0])erations,  until  25  ])er  (;ent.  of  the  iron  had 
been  oxidized.  He  hoj)ed  that,  owing  to  thi.s,  the  oxyd  of  ir<ju,  in  a 
na.S(rent  state,  would  act  more  energetically,  and  to  obtain  a  more  inti- 
mate contact  with  the  metallic  bath.  The  only  result  was  an  auginen- 
t5ition  of  24*8  per  cent,  in  the  proi)ortion  of  })hosphorus,  which  wa> 
thus  concentrated  in  the  ])r()(luct  in  exact  proi)ortion  to  the  loss. 

Renouncing  then  the  attcm])t  to  produce  steel  directly  from  phos- 
phoric iron  Mr.  Bell  turned  to  another  side.  The  failure  of  the  Bes- 
semer process  in  these  attempts  seemed  to  him  to  be  principally  due  to 
the  elevation  of  the  tem])erature,  which  led,  without  doubt  to  tlie 
decom])osition  of  the  ]>hosphate  of  iron  in  proj)ortion  as  it  was 
produced. 

At  the  Bowling  furnace  he  treated  a  certain  quantity  of  his  iron  and 

obtained  the  following  results  : 

Pig  metal.  Refined  pig. 

Carbon,              .             .             .             3-12  2*50 

Silicon,         ....      2-80  0'12 

Sulphur,             .             .             .             0*11  trace. 

Phosphoru.s,  ....       1*47  0-84 

This  was  a  dephosphorization  of  more  than  40  per  cent.  In  analyzing 
tlie  phenomena,  we  find  that  this  operation  took  place  in  a  vessel  with 
walls  of  cast  iron,  cooled  by  a  current  of  water,  and  under  the  action 
of  an  oxidizing  blast  of  low  temperature.  As  the  slag  contained 
scarcely  25  to  30  per  cent,  of  silica  we  could  reasonably  attribute  to 
the  oxide  of  iron,  which  it  contained  in  large  quantities,  an  important 
action  in  the  dephosphorization. 

In  cooling  slowly,  some  metal  taken  from  one  of  the  Clarence  fur- 
naces, in  contact  with  melted  oxide  of  iron,  Mr.  Bell  obtained  results 
analogous  to  those  Avhich  were  given  for  the  experiment  at  the  Bowl- 
ing furnace. 


Metal  having 

passed 

Pig  metal. 

over 

the  oxide 

of  iron. 

Refined  metal. 

Carl)on, 

3-305 

2-731 

2-500 

Silicon, 

• 

.      2-163 

0-028 

0-120 

Sulphur, 

0 

0-102 

0-056 

trace. 

Phosphor 

us. 

.      1-515 

0-838 

0-840 
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Employing  then  the  Godfrey  and  Howson   mechanical    puddler, 

'.vliich  is  composed  of  a  sort  of  converter  able  to  turn  on  itself  or  to 

incline  at  any  angle,  and  which  is  heated  by  a  jet  of  gas  entering  by 

the  mouth,  Mr.  Bell  made  numerous  experiments  in  treating  Clarence 

iron.     The  lining  was  oxide  of  iron,  of  which  the  composition  varied, 

-SO  that  the  oxide  melted  or  simply  heated  as  added.     Below  are  the 

results  obtained : 

Pig  metal.     Metal  after  treatment. 

Phosphorus,  .  .  1.50  0-23 

Silicon,  .  .  .         2-06  0-10 

The  purification  was  very  satisfactory,  as  may  be  seen  ;  but  everything 
ilepends  on  the  temperature,  and  the  feeble  eai)acity  of  the  vessel  would 
be  found  to  be  the  cause  of  projections  which  would  condemn  the  appa- 
ratus. 

For  his  last  experiments  Mr.  Bell  designed  an  oscillating  furnace 
having  the  form  of  a  cylinder  four  metres  long  and  one  metre  in  diam- 
eter. A  longitudinal  partition  separated  it  into  two  parts,  and  served 
to  insure  the  stirring  up  of  the  liquid  metal,  and  its  contact  with  the 
melted  oxide  of  iron  at  each  movement  of  the  apparatus.  In  ten  min- 
utes a  charge  of  700  kilogrammes  of  metal  was  submitted  to  sixty  or 
eighty  oscillations.  The  operation  was  stopped  when  bubbles  of  car- 
bonic oxide  were  seen  traversing  the  liquid  mass  and  coming  to  the 
surface,  burning  in  the  form  of  blue  flames.  As  in  preceding  experi- 
ments, the  nature  of  the  oxide  of  iron  was  varied,  and  Mr.  Bell  suc- 
ceeded, even  Avith  calcined  Cleveland  ores,  in  producing  a  remarkable 
'lephosphorization.     The  waste  was  from  0"  to  2*5  per  cent. 

Below  are  given,  from  information  obtained  from  Mr.  Bell,  some  of 

the  results : 

MetaJ  before  treatment.     Metal  after  treatment. 

Carbon,  .  .  3-5  3-25  to  2'75 

Silicon,        .  .  .1-7  O'o    to  0-20 

Phosphorus,      .  .  I'o  O'l    to  O'Oo 

This  is,  without  any  doubt,  a  very  good  dephosphorization  without 
notable  decarburation ;  the  product  is  purified  metal  that  can  be  cast, 
in  order  to  employ  it  afterwards  in  the  manufacture  of  open  hearth 
steel.  This  is  what  was  done  at  the  Woolwich  Arsenal,  and  the 
truly  remarkable  products,  which  secured  for  Mr.  Bell  a  high 
reward  at  the  Universal  Exposition  of  1878,  were  obtained  in  this 
manner. 


J*2  I kpliosphorization  of  Iron.  [Jour.  Frank.  Inst  , 

Without  [)retendiuo'  to  have  coiuplotely  .solved  the  (|uestion  of  tlie- 
most  suitiible  apparatus,  Mr.  Jiell  stopped  temporarily  liis  interestintr 
I'e.searehes. 

MM.  Narjcs  aud  Bender,  enj^ineers  of  the  steel  works  at  Essen, 
have  put  in  j)raeticc  a  parifi/liu/  furnace,  for  which  the  patent  was 
taken  out  by  the  firm  of  F.  Krup|). 

The  pi^'  iron  is  melted  in  a  cupola,  though  it  miiiht  be  taken  with 
advantage  from  the  blast  furnace  direct.  On  the  inclined  bed  of  a 
revolving  furnace  analogous  to  Pernot's  furnace,  and  heated  by  Sie- 
men's  system,  is  a  lining  of  oxide  of  iron.  We  hav^e  not  the  details  as. 
to  the  agglomeration  of  this  oxide  of  iron,  but  it  is  easy  to  imagine  that 
it  might  be  attained  by  Avorking  at  a  higher  temperature  than  that  at 
which  later  work  is  carried  on.  Moreover,  there  is  formed  a  purifying 
bath,  in  melting,  more  or  less  completely,  on  tliis  bed  a  certain  quantity 
of  iron  ore  whi(!h  naturally  contains  an  average  amount  of  silica.  This 
bath  has  a  thickness  of  about  30  centimetres.  The  iron  to  ha  refined 
is  slipped  into  the  furnace,  which  is  then  turned,  at  first  slowly,  with 
a  speed  of  only  two  revolutions  per  minute,  which  is  afterwards 
increased  to  five  ;  the  movement  is  given  by  a  six-horse  power  machine 
which,  however,  is  found  to  be  a  little  light  for  this  work. 

According  to  M.  Wedding,  Professor  in  the  School  of  Mines,  at 
Berlin,  the  operation  never  takes  more  than  ten  minutes  for  a  charge 
of  4  tons  of  metal.  As  in  the  last  experiments  of  Mr.  Bell,  the  ope- 
ration is  stopped  when  a  disengagement  of  the  carbonic  oxide  is  per- 
ceived. The  amount  of  waste  is  variable.  Generally  slight,  it  is  some- 
times even  nothing,  owing  to  the  reduction  of  a  part  of  the  oxide 
employed,  under  the  action  of  the  silicon,  and  perhaps  of  the  phos- 
phorus. By  this  process  80  tons  can  be  treated  every  24  hours,  with 
a  consumption  of  7  to  8  tons  of  coal  and  15  tons  of  ore.  It  is  said 
that  8  to  10  francs  (80c.  to  $1.00)  is  the  entire  cost  of  the  operation 
but  this  is  not  at  all  sure.  As  to  the  dephosphorization,  it  is  from  75  to 
80  per  cent.,  and  would  be  facilitated  by  the  presence  of  a  small 

jimonnt  of  manganese. 

Carljon.  Phosphorus. 

Metal.  .  Before.      After.  Before.      After. 

A 
B 

.     C 


3-17 

3-02 

1-220 

0-303 

3-90 

3-75 

0-630 

1-131 

3-81 

3-56 

0-450 

1-108 
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This  industry,  in  the  works  of  Essen,  served  only  for  the  demon- 
rstration  of  the  process  or  to  experiment  with  pig  iron  which  people 
Avished  to  have  treated.  The  Forge  Company,  of  Dillingen,  started 
this  method  of  manufacture,  at  Hussigny,  near  Long^v}^,  France,  and 
built  a  blast  furnace  in  such  a  position  that  the  metal  could  be  let 
directly  into  the  purifying  apparatus. 

There  is  a  certain  analogy  between  the  purifying  processes  of  Mr. 
Bell  and  of  Messrs.  Xarjes  and  Bender.  Their  common  character  is  a 
marked  de})hosphorization  without  hastening  decarburation.  We  have 
.-said  nothing  of  the  removal  of  silicon  at  Essen ;  it  is  evidently  com- 
plete, and  prevents  later  treatment  of  the  metal  by  the  Bessemer 
process. 

These  refined  metals  can  be  usefully  employed  in  puddling,  for  the 
improvement  of  the  puddled  iron;  or,  if  the  proportion  of  phosj>horus 
is  sufficiently  small,  they  can  be  used  in  tlie  Martin^Siemens  fur- 
aiace  for  the  manufacture  of  p^l^osphoric  steel  rails. 

Why  is  the  operation  stopped  at  tlie  moment  wlicn  decarburation 
<3ommences?  It  appears  to  us  that  there  are  two  reasons :  tlie  result 
ol)taincd  would  not  be  perceptil)ly  im[)roved  by  prolonging  the  opera- 
tion ;  the  result  would,  perhaps,  be  in  i>;u-t  destroyed  by  the  reducing 
.-action  of  the  carbonic  oxide,  as  we  will  explain  further  on  ;  besides, 
it  would  sensibly  increase  the  expense  in  removing  carbon  wliicli 
would  have  to  be  replaced.  Moreover,  the  apparatus  does  not  i)ermit, 
on  account  of  either  the  manner  in  which  it  is  built  or  its  temperature, 
she  necessary  conditions  for  the  production  of  steel;  we  would  ol)tain 
wrouglit  iron. 

2d.     Manufacture  of  Steel  from  Phosphoric  Pig  Metal. 

Thomas  and  GrUchrisf  Process. — Two  young  men,  iNIr.  Sidney 
Thomas,  chemist,  studying  metallurgy  oidy  as  an  amateur,  and  Mr. 
Percy  Gilchrist,  chemist  of  the  Blaenoven  AVorks,  Wales,  and  a  recent 
graduate  of  the  School  of  Mines,  London,  associated  themselves  to  try 
and  find  some  method  of  dephosphorization  in  using  the  Bessemer 
process. 

Starting  with  the  idea  that  a  basic  lining  was  indispensable,  they 
constructed  a  small  converter,  capable  of  treating  only  a  few  kilo- 
grammes of  metal.  They  lined  it  with  lime  cemented  together  with  a 
silicate  of  soda,  and  obtained  results  which  attracted  the  attention  of 
Mr.  Edward  Martin,  director  of  Blaenoven.     He  authorized  them  to 
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constriift  u  converter  of  the  capacity  of  200  kilograiiiiaes,  which  they 
furnisiu'd  with  the  same  basic  lining.  To  absorb  the  phosphoric  acid 
produced  and  to  preserve  the  lining  from  the  destructive  action  of  the 
silica  formed  by  the  oxidation  of  the  silicon  of  the  metal,  they 
employed  various  basic  additions,  of  which  lime  and  oxide  of  iron 
were  the  elements.  They  attempted  at  the  same  time  to  push  the  ope- 
ration beyond  the  point  of  decarburation,  that  is  to  overhlow,  and  they 
thus  obtained  a  remarkable  dephosphorization. 

These  experiments  were  repeated  at  the  Dowlais  Works,  with  a  full 
sized  converter,  capable  of  treating  five  to  six  tons  of  metal.  The  pre- 
ceding results  were  confirmed,  but  some  accidents  occurring  to  the 
lining  stopped  their  experiments ;  they  were  continued  at  the  steel 
works  of  Bolckow  Vaughan,  at  Eston,  near  Middlesborough  (Cleve- 
land). 

Mr.  Windsor-Richards,  director  of  this  establishment,  with  the 
co-operation  of  Messrs.  Thomas  and  Gilchrist,  imparted  a  strong 
impulse  to  these  researches. 

A  lining  of  oxide  of  iron  and  additions  of  oxide  of  iron  alone,  with- 
out mixing  any  lime,  did  not  succeed ;  the  reactions  were  too  rapid^ 
and  the  operations  rendered  impossible  by  the  sjiouting  and  boilingv 
They  were  therefore  obliged  to  return  to  the  earthy  lining. 

An  attempt  at  the  manufacture  of  bricks  from  dolomite  showed  all 
the  difficulties  of  the  problem.  After  pulverizing  this  material,  work- 
ing it  up  with  water,  moulding  and  baking  it,  there  was  a  reduction  oi' 
33  per  cent,  in  volume  and  a  loss  in  weight  of  45  per  cent.  Several 
accidents  occurred :  sometimes  the  unequal  heating  led  to  the  twitch- 
ing of  the  mass  in  baking  and  to  numerous  ruptures ;  sometimes,  on 
account  of  insufficient  heat,  the  bricks  obtained  decrepitated  like  lime 
upon  exposure  to  the  air ;  or;  at  other  times,  owing  to  an  excess  of 
heat,  the  bricks  ran  together  and  melted  wath  the  oven.  They  suc- 
ceeded, however,  in  determining  this  first  part  of  the  problem.  It 
seemed,  moreover,  that  this  question  of  lining  had  several  satisfactory 
solutions. 

Mr.  Gilchrist  recommends  the  following  composition  : 

Silica,     .....  10 

Alumina  and  oxide  of  iron,  .  .        4  to  6 

Magnesia,  ....  30 

Lime,  .  .  .  .  .      54  to  56 
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The  bricks  employed  in  the  operations  that  we  have  studied  at  Eston 
had  the  following  compo.«itioii.  wliieh  differs  notably  : 

Silica, 9-50 

Alumina, 10-00 

Peroxide  of  iron,     ....  4-4G 

Magnesia,  .  .  .  .  .21-50 

Lime,  .  •  .  .  .  .  50-25 

Soda, 4-00 

This  is  dolomite  agglomerated  with  silicate  of  soda. 
Finally,  Mr.  Riley  makes  his  bricks  as  follows :     He  takes  pulver- 
ized dolomite,  which  he  mixes  with  petroleum  or  some  analogous  min- 
eral oil,  which  gives  the  bricks  the  following  composition  : 

Silica,  .....  8-85 

Alumina  and  oxide  of  iron,        .  .  .       4*00 

Magnesia,  ....  35-00 

Lime,    ......    51-00 

A  filling  clay  can  also  be  made  witli  this  material  in  mixing  it  with 
the  same  liquid ;  it  is  said  this  would  give  very  good  results. 

Mr.  Richards  described,  at  the  meeting  of  the  Iron  and  Steel  Insti- 
tute of  Ijondon,  an  operation  performed  at  Eston  with  Cleveland  iron, 
of  which  the  different  phases  had  been  studied  chenycally.     The  ope- 
ration was  performed  on  (3000  kilogrammes  in  a  converter  capable  of 
containing  eight  tons.     The  pig  iron  liad  the  following  composition  : 
Silicon,  .  .  .  .  .  3-0 

Carbon,  ......      3*5 

Phosphorus,  .  .  .  .  1-5 

Immediately  after  the  introduction  of  the  pig  metal  there  was  added 
500  kilogrammes  of  lime,  and,  six  minutes  later,  another  addition  of 
400  kilogrammes  of  lime  and  300  of  oxide  of  iron ;  this  made  a  total 
of  1200  kilogrammes,  or  20  per  cent,  of  cold  material. 

The  operation  occupied  17  minutes,  9  for  the  first  period  and  8  for 
the  second.  A  series  of  samples  were  taken  and  submitted  to  ciiemical 
analysis,  resulting  in  a  very  interesting  study  of  the  changes  of  com- 
position Avhich  occur  during  the  refining.  Mr.  Richards  constructed  a 
diagram,  the  abscissas  of  which  are  the  fractions  of  time  occupied  by 
the  operation,  and  the  ordinates  are  the  diiferent  quantities  of  the  ele- 
ments contained  in  the  metal. 

It  is  seen  that  the  phosphorus  commences  to  disappear  only  after 
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tliL'  carbon  i.s  reduced  to  1  i)er  cent,  and  the  .-iilica  to  0"3  percent.  The 
sliaded  portion  of  the  diagram  indicnites  the  overblowinr/ ;  this  is  tlie 
l)lo\\  ino-  wiiich  takes  place  after  the  total  decarburation  characteri/ed 
by  tiie  fading  away  of  the  rays  of  the  spectrum.  It  is  a  period  dur- 
ing- wliich  oxide  of  iron  is  produced  abundantly,  and  it  is  seen  that 
it  is  also  the  time  when  the  ])hosphorus  is  rapidly  eliminated.  In  the 
(^ase  represented  by  the  diagram  the  overblowing  lasted  three  minutes, 
and  in  this  short  .S])ace  of  time  two-thirds  of  the  phosphorus  was 
oxidized,  whereas  the  other  third  had  demanded  twice  this  time  to  be 
scroritied. 
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Mr.  Ixichards  vouched  for  the  fact  that  the  metal  in  which  the 
])hospliorus  had  been  reduced  to  le.ss  than  a  thousandth  had  a  tensile 
strength  of  70  kilogrammes  per  square  millimetre,  with  an  elongation 
of  25  i)er  cent,  in  a  length  of  200  millimetres. 

As  to  the  waste,  it -oscillated  between  18  and  20  per  cent.,  varying 
with  the  dephos})horization  which  was  attempted.  When  it  was 
desired  to  have  less  than  «  ihouHandth  of  pho.sphorus  in  the  metal,  the 
waste  amounted  to  25  i)er  cent.  Ordinary  i)ig  metal,  that  of  Cumber- 
land for  e.\'am])le,  would  give  only  15  per  cent. 
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The  following  description  is  of  the  two  operations  performed  at 
Eston,  May  13th,  1870,  before  the  members  of  the  Iron  and  Steel 
Institute. 

First  Operation. — They  employed  an  8-ton  converter,  lined  with 
basic  bricks,  the  composition  of  which  has  already  been  given  ;  it  Avas 
■dolomite  agglomerated  with  silicate  of  soda,  a  lining  not  very  durable, 
perhaps,  but  which  was  preferable  for  the  demonstration  of  the 
process. 

Five  tons  and  eislit  hundredweight  of  Cleveland  iron  was  melted 
in  a  cupola,  all  the  blast  furnaces  being  stopped  on  account  of  a  strike 
among  the  Durham  miners.    This  iron  had  the  following  composition : 
Silicon,  ....     3-030 

Carbon,      ....  3-200 

Sulphur,  ....     0-030 

Phosphorus,  ...  .  1-800 

Manganese,        .  .  .  .0-450 

Immediately  after  the  introduction  of  the  metal,  there  was  thrown 
in  from  a  barrow  1200  kilogrammes  of  a  greyish  material,  in  pieces 
about  twice  the  size  of  a  nut ;  it  was  the  result  of  the  roasting  of  a 
mixture  of  carbonate  of  lime  and  "blue  billy."  * 

This  material  was  cold,  and  had  the  following  composition  : 
Silica,  .  .  .  .1-00 

Lime,         ....  60-00 

Peroxide  of  iron,  .  .  .     31-80 

Carbonic  acid,  .  .  .  6-40 

This  could  not  be  prepared  many  days  in  advance,  as  it  decre})itated 
by  absorbing  moisture  from  the  atmosphere. 

The  operation,  followed  with  the  spectroscope,  gave  a  period  of  4 
minutes  and  a  second  of  9  J.  After  the  falling  of  the  flame  there  com- 
menced an  "overblowing"  of  nearly  3  minutes,  and  distributed  about 
as  follows : 

1st.  Overblowing  of  a  minute  and  three-quarters ;  the  converter 
was  then  turned  down,  and  a  specimen  of  the  metal  taken  with  a  sort 
of  ladle ;  this  was  cooled  in  a  small  ingot-mould,  and  then  hammered 
into  the  form  of  a  disk,  one  centimetre  in  thickness ;  it  was  recooled 
and  broken  under  the  stamper.     The  grain  is  coarse,  flat,  and  bright,  as 

*  Bine  Billy  is  obtained  in  the  treatment  of  calcined  pyrites  from  which  the  copper 
)ia.s  Ijeen  extracted  by  the  Henderson  process. 


98  I>eph<).sp]i(>rization  of  Iron.  [Jour.  Frank.  Inst, 

that  of  vcrv  |)li()Sj)lioric  iron.      WC  will  uivc  later  rlic  amount  ol"  |»lio.s- 
j)horiis  contained  (^l'). 

2(1.  Ovcrbiowino-  of  45  seconds,  and  sanqdc  taken  (^1"). 

.'id.  ()vcrl)lo\vin<^  of  20  seconds,  and  sample  taken  (^1'^). 

All  these  sn(;cessive  attempts  had  prolonged  tiie  0[)eration  In  ahmit 
twenty  niinntes. 

Next  they  proceeded  to  add  10  per  cent,  of  spiegel,  melted  in  the 
cupola  and  having  the  following  composition  : 

Manganese,      ....     17'000 
Phosphorus,  .  .  .  0'163 

This  was  introduced  by  degrees,  on  account  of  the  violent  reaction 

of  the  carbon  of  the  spiegel  with  the  oxide  of  iron  in  solution  in  the 

metal.     It  caused  a  greatly  developed  flame,  and  there  is  an  overflow 

of  a  jxirt  of  the  slag. 

Phosphorus. 

Pig  metal,  .  .        '         .  .  1-800 

A\  .  .  .  .  0-597 

A\    .  .  .  .  .  0-360 

A\  .  .  .  .  0-140 

After  spiegel,  ....  ()-235 

This  metal  when  rolled  had  tlie  following  comjjosition : 

Carbon,  ....  0-330 

Manganese,  .  .  .  0-213 

Phosphorus,       ....  0-235 

Sulphur,     ....  0-073 

The  ingots  weighed  from  600  to  700  kilogrammes.  There  were 
two  roughed  dowai,  which  behaved  very  well,  and  were  rolled  into 
small  rails,  having  the  weight  of  20  kilogrammes  ])er  metre. 

Second  Opcndion. — The  second  operation  was  easy,  compared  with 
the  first. 

The  charge  of  pig  metal  taken  from  a  cupola  was  6000  kilogrammes, 
and  the  addition  of  cold  basic  materials  was  1200  kilogrammes. 
Observation  with  the  spectroscope  gave  7|  minutes  for  the  first  period, 
and  as  much  more  for  the  second.  There  were  neither  boiling  nor 
violent  projections,  as  in  the  first  charge,  due  no  doubt  to  the  great 
capacity  of  the  converter. 

The  overblowing,  in  which  is  included  the  taking  of  samples  and  all 
time   lost,  lasted  nearly   20   minutes.     Specimens   B^,   B^,  etc.,   were 
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taken,  as  in  the  first  operation,  and  below  are  given  the  results  of  their 

analyses  : 

Overblowing.  Pliospliorus. 

•  Pignietiil,  ....  1-800 

1  minute  30  seconds,  B\    .                 .  0-830 

30  "                 B^,            .                 ;  0-458 

15  "                 B',    .                 .  0-334 

15  "                 B\            .                 .  0-210 

10  "                 B-',    .                 .  0-140 

After  Spiegel,  ....  0-223 

The  addition  of  spiegel  was  10  per  cent.  The  reaction  which  fol- 
lowed was  tumultuous,  and  the  ojieration  seemed  to  give  a  cold  metal. 
The  casting  ladle  became  obstructed,  and  it  was  necessary  to  keep  the 
tap-hole  open  with  an  iron  rod.  An  ingot  "  scattered  "  some  minutes 
after,  which  is  characteristic  of  the  overblown  metal. 

As  to  the  rolled  metal,  it  gave 

Carbon,  .  .  .  .0-171 

Manganese,  .  .  .  O'lGO 

Phosphorus,       ....     0-223 
Sulphur,     ....  0-037 

Silicon,  ....     trace. 

Two  ingots  were  "  roughed  down  "  ;  one  presented  a  great  crack, 
which  enlarged  in  finishing,  but  as  the  rail  was  32  metres  long,  it 
could  be  cut  up  into  useful  pieces.  After  blooming,  the  other  ingot 
showed  numerous  small  cracks,  indicating  a  red-short  metal. 

After  these  two  operations,  the  condition  of  the  lining  seemed  good ; 
there  could  be  noticed  some  cross-cracks,  but  the  intensity  of  the 
radiation  did  not  permit  one  to  decide  whether  tliis  was  not  the  effect 
of  the  joints  of  the  bricks.  The  bottom,  where  the  tuyeres  were 
replaced  by  holes  cut  in  the  lining,  presented  no  cavities.  It  seemed 
but  slightly  worn,  to  /judge  of  it  by  its  flattening.  The  slag  accom- 
l)anying  the  metal  of  the  last  operation  had  about  tlie  following  com- 
position : 

Silica,  ....     21-50 

Lime,          ....  3G-00 

Magnesia,            ,                  .                  .  .4-94 

Alumina,    ....  1-30 

Peroxide  of  iron,                .                  .  .       6-09 

Protoxide  of  iron,      .                  .                  .  9'94 

Protoxide  of  manganese,    .                  .  .       7*50 

Phosphoric  acid,         .                  .                  .  9-70 


100  J)t'jjli()sj)Jtorization  of  Iron.  [Jour.  Frank.  IiiHt , 

It"  tliis  slaii:  was  ]i()iiio<;c'n(ni.s,  a  .simple  calculation  would  show  that 
tlic  wear  and  tcai'  of  the  liuiiii;  had  heeii  700  kiloj^ramiues,  because 
this  slag  contuined  nearly  5  per  cent,  of  magnesia,  Avhich  could  only 
<'ome  from  the  lining,  as  tliere  was  no  magnesium  in  the  metal,  and  as 
the  addition  of  1200  kilogrammes  of  lime  and  oxide  of  iron  con- 
tained only  traces  of  magnesia.  However  this  may  be,  there  was  a  cer- 
tain wear  which  is  incontestable^  and  which  only  a  successive  series  of 
operations  could  measure  correctly. 

li'  we  consider  the  process  of  Messrs.  Thomas  and  Gilchrist  in  its 
entirety,  we  see  that  from  the  first  it  is  very  satisfactory.  What 
more  simple  in  reality  than  to  resolve  the  j)roblem  of  dej)hosphoriza- 
tion,  icithout  special  cvppandus,  into  (ibsorbiny  the  phoHplioruH  by  a 
basic  addition  destined  to  protect  the  lining,  and  to  finish  the  operation 
in  prolonging  tJie  blmoing. 

If  w^e  study,  on  the  contrary-,  the  operations  which  we  have  just 
described,  and  compare  them  with  the  treatment  of  ordinary  pure 
metal,  we  find ; 

That  the  capaciti/  of  the  concerters  is  utilized  only  in  part,  which  is  a 
<'ause  of  cooling,  and  a  greater  expense  in  erecting. 

That  by  the  repeated  taking  of  sampler,  the  operations  are  prolonged 
to  at  least  double  their  length,  which  is  a  diminution  of  the  production 
and  a  new  cause  of  cooling;. 

That  the  waste  is  notably  augmented. 

That  there  is  no  character  which  announces  the  end  of  the  dephospho- 
rization,  which  necessitates  numerous  trials. 

It  seems  dipicult  to  obtain  by  this  method  a  metal  relatively  carhuretted. 

Finally,  )iotwithManding  the  large  proportion  of  manganese  intro- 
duced, the  metal  has  a  tendency  to  remain  red-short,  and  consequently  to 
roll  irregularly. 

A  last  character,  to  which  we  will  return  later,  is  the  rephosphoriza- 
iion  of  the  metal  after  the  addition  of  the  spiegel.  The  amount  of 
phosi)horus  in  the  metal,  after  having  been  reduced  to  0"140,  rises 
again  to  0*235  and  0'223.  This  is  a  very  curious  phenomenon  that  the 
English  metallurgists  explained  by  a  reducing  action  of  the  manganese 
exerted  on  the  phosphate  products,  and  of  which  the  slag  contained 
()uite  a  large  proportion.  If  the  phosphorus  is  in  the  slag,  in  the 
state  of  phosphate  of  lime,  of  manganese,  or  of  alumina,  no  such 
reaction  seems  possible.  If  the  phosphorus  is  in  the  state  of  phos- 
phate' of  iron,  it  would  be  necessary  that  a  phosphuret  of  iron  or  of 


Feb.,  1880.]  Dephosphorizafion  of  Iron.  101 

manganese  be  produced,  goi"g  over  again  into  the  metal,  whicli  also 
seems  to  us  improbable. 

Ponsard  Furnace-Converter. — This  is  an  apparatus  Avhicli  partakes 
of  the  characteristics  of  both  the  Bessemer  converter  and  the  Mar- 
tin-Siemens furnace.  In  a  certain  position  of  the  movable  bed-plate 
there  can  be  placed  tuyeres  which  blow  air  into  the  metallic  bath. 

Attempts  at  dephosphorization  have  been  made  with  this  apparatus 
at  Thy-le-Chateau,  near  Charleroi.  AVith  a  basic  lining,  analogous 
to  that  of  Messrs.  Thomas  and  Gilchrist,  they  would  have  been  able 
to  have  produced  steel  from  very  phosphoric  iron.  But  these  trials 
were  not  very  conclusive,  the  heat  having  been  insufficient.  Xew 
experiments  ought  to  be  undertaken  before  long  at  Creil.  They 
should  employ  simultaneously  the  Ponsard  recuperator  and  the  Siemens 
regenerator,  which  alone  can  lead  to  a  very  instructive  and  interesting 
comparison. 

It  remains  for  us  now  to  present  some  general  observations  on  the 
chemical  phenomena  Avhich  are  met  in  the  several  methods  of  dephos- 
phorization of  which  we  have  spoken. 

There  is  one  fact  which  strikes  us  first.  It  is  that,  in  furnace  ])uri- 
fications,  the  dephosphorization  takes  place  without  any  important 
elimination  of  the  carbon  ;  with  the  Bessemer  process,  on  the  contrary, 
there  is  no  notable  dephosphorization  imtil  after  the  carbou  has  been 
much  reduced,  and  the  dephosphorization  is  completed  only  after  total 
decarburation. 

How  reconcile  these  two  contradictory  phenomena? 

The  following  is  the  explanation  given  by  M.  Pourcel,  in  charge  of 
the  steel  Avorks  at  Terre-Xoire,  in  a  communication  which  he  made 
June  7th,  1879,  to  the  Society  of  Mineral  Industries  of  Saint  Etienne. 

The  carbonic  oxide  exerts  an  energetic  reducing  action  on  the  jihos- 
phate  of  iron.  Under  its  action  there  is  formed  phosphuret  of  iron^ 
which  dissolves  in  the  metal  or  steel  surrounding  it.  This  reducing 
action  ought,  without  any  doubt,  to  increase  with  the  temperature. 

In  the  purifying  processes  of  Mr.  Bell  and  of  Messrs.  Narjes  and  Ben- 
der the  oxidizing  action  of  the  peroxide  of  iron  exerts  itself  on  the  silicon 
and  phosphorus  from  the  very  first.  There  is  formed  silica  and  phos- 
phoric acid,  which  combine  with  the  oxides  of  iron  present.  As  there 
is  little  or  no  carbon  burnt,  there  is  no  carbonic  oxide  produced ;  the 
phosphate  of  iron  formed  has  not  then  an  opportunity  to  be  reduced, 
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since  the  openitioii  i.s  sto|)[)ed  when  the  (li.s(']i(ia<!:eiiient  of  g;a.s  com- 
mences. It  is  tlie  j)resence  ol'  the  .silicon  which  [>rcvents  the  combus- 
tion ol'  the  carbon,  the  same  as  in  the  Bessemer  process.  I'^iiithcr,  as 
long-  as  there  is  silicon  present  the  carbonic  oxide  cannot  remain  in 
.solution  in  the  metal;  it  is  dccoiuposcd.  as  sliown  in  (he  tlicorv  of"  the 
manufacture  of  blister-steel. 

One  can  ev'en  go  further,  and  say  that  if  there  had  not  been  any 
silicon  present,  the.se  purifying  proce.s.ses  could  not  have  been  operated 
unless  a  strong  proportion  of  manganese  protected  the  carbon  again.st 
oxidation. 

In  the  Thomas  and  Gilchrist  process,  on  the  contrary,  we  see  the 
dephos})horization  commences  only  when  the  proportion  of  carbon  is 
below  one  per  cent.,  and  is  not  finished  until  after  total  decarburation. 
The  oxide  of  iron  ])roduced  then  exerts  itself  exclusively  on  the  phos- 
phorus without  being  intlueneed  by  the  reducing  action  of  the  carbonic 
oxide. 

In  this  process  what  then  is  the  effect  of  the  basic  lining  and  the 
additions  of  lime  mixed  with  oxide  of  iron  ?  The  English  metallur- 
gists pretend  that  they  are  destined  to  saturate  the  silica  produced  and 
to  permit  the  production  of  an  earthy  phosphate  (lime,  alumina,  or 
manganese).  They  affirm,  then,  that  the  phosphorus  is  not  in  the  slag 
in  the  state  of  phosphate  of  iron.  The  grounds  on  which  they  base 
their  conclusions  are  the  following : 

The  hydrosulphate  of  ammonia,  while  cold,  transforms  the  plio.s- 
phate  of  iron  into  sulphuret  of  iron  and  phosphate  of  ammonia.  The 
chloride  of  sodium,  when  hot,  transforms  the  phosphate  of  iron  into 
chloride  of  iron  and  piio.sphate  of  soda.  They  have  not  succeeded  in 
producing  any  of  these  reactions  Avith  the  slags  of  their  operations ; 
but  with  weak  acids  they  have  been  able  to  dissolve  the  phosphate  of 
lime. 

Is  this  method  of  reasoning,  which  takes  no  account  of  the  disturbing- 
action  of  the  silica,  unassailable?  Are  we  not  in  presence  of  a 
silico-phosphate  of  iron,  which  resists  the  first  reagents  and  succumbs 
to  the  more  energetic  action  of  acids  ? 

If,  on  the  contrary,  we  consider  the  decided  development  of  carbonic 
oxide  after  the  addition  of  the  spiegel,  and  which  does  not  appear  at 
the  mouth  of  the  converter  until  after  having  passed  through  this  thick 
bed  of  slag,  containing,  as  we  have  seen,  nearly  ten  per  cent,  of  phos- 
phoric acid,  have  we  not  there  an  energetic  reducing  agent  which  ought 
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to  play  an  important  part  ?  It  is  certainly  this  carbonic  oxide  which 
makes  the  phosphorus,  removed  from  the  slag,  pass  back  into  the 
metal.  But  this  carbonic  oxide,  as  we  said  in  commencing,  exerts  no 
action  on  the  phosphates  of  lime,  of  alumina  or  of  magnesia ;  it  is  then 
the  phosphate  of  iron  which  it  reduces. 

The  phenomena  is  perhaps  complex.  It  is  possible  that  earthy 
phosphates  are  formed  at  the  commencement  of  the  operation,  but  it 
seems  difficult  to  admit  that,  in  the  overblowing,  the  oxide  of  iron  in 
the  nascent  state  does  not  combine  more  or  less  with  the  phosphoric 
acid  produced. 

Monsieur  Pourcel,  in  trying  to  connect  all  these  methods  of  purih- 
cation,  could  not  see  why,  during  the  first  period  of  the  Thomas  and 
Gilchrist  process,  the  phosphorus  should  not  be  eliminated  just  the 
same  as  in  the  process  of  Mr,  Bell  and  of  Messrs.  Narjes  and  Bender. 
It  seemed  to  him  that  the  ])hosphorus  curve  ought  to  sink  toward  the 
axis  of  abscissas  during  the  (combustion  of  the  silicon,  in  order  to  rise 
afterwards  during  the  combustion  of  the  carbon,  on  account  of  the 
reducing  effect  of  the  carbonic  oxide. 

-  This  manner  of  reasoning  seems  very  logical,  and  would  merit  being 
verified  by  a  special  experiment,  which  would  well  repay  such  trouble. 
There  is,  nevertheless,  a  certiiin  difference  between  the  purifying 
processes  of  which  we  have  spoken  and  the  first  period  of  the  Thomas 
and  Gilchrist  process.  In  the  first  case  we  have  an  oxidizing  action, 
which  is  perhaps  more  energetic  on  account  of  the  presence  in  excess 
of  peroxide  of  iron,  whereas  in  the  Bessemer  process  the  oxygen  blast 
exerts  itself  on  the  silicon,  perhaps,  before  acting  on  the  phosphorus. 
The  straight  line  of  the  phosphorus,  in  the  diagram  of  Mr.  Richards, 
is  not  a  proof  that  dephosphorization  has  not  taken  place  from  the 
commencement;  indeed,  it  would  have  been  possible  to  have  made 
only  a  quantitative  analysis  after  the  first  period,  when  all  the  phos- 
phorus oxidized  would  have  been  reduced,  and  to  have  concluded  from 
this  the  absence  of  dephosphorization.  The  straight  line  of  the  car- 
bon is  quite  hypothetical ;  that  of  phosphorus  is  perhaps  as  much  so. 
It  is,  indeed,  impossible  that  the  proportion  of  carbon  should  remain 
constant,  and  this  for  two  reasons :  1st.  As  there  is  elimination  of 
silicon  and  a  certain  j^roduction  of  oxide  of  iron,  the  mass  treated  has 
diminished,  the  per  cent,  of  carbon  ought,  then,  to  be  augmented. 
2d.  The  first  period  of  all  Bessemer  operations  is  accompanied  by  red- 
dish sparks,  which  are  more  or  less  abundant,  but  which  are  probably 
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^rapliito  partially  burnt.  J^ut,  after  all,  two  analy.se.s  of  Bessemer 
•  •|>eration.s  performed  in  Germany  [U'ove  thi.s  augmentation  of  the  car- 
Ixm  :  according  to  K&s.sler,  after  4  minutes  the  carbon  j)asses  in  one 
operation  from  3-58  to  3-79,  and  in  anotlicr  fniin  :)•()'.]  to  'M7. 

To  conclude,  we  say,  1st.  T/iat  the  dcphosphonzdtion  of  picj  iron  by 
(I  pui'ifiiing  process  in  a  furmiee  seems  to  us  pradicaUy  demonstrated. 

2d.  That  with  the  Bessemer  process  the  manufacture  of  steel  from 
rery  phosplwric  pic/  iron  is  a  fact  pjerfectly  established  and  complete  from 
a  scientific  point  of  view. 

There  remain  practical  difficulties,  that  the  authors  of  the  process 
recognize  themselves,  and  they  .seek  to  conquer  them  by  continuing  their 
experiments ;  but  the  moment  does  not  seem  to  be  very  distant  when 
all  which  still  embarra.sses  the  proce.ss  will  be  completely  resolved. 


Nutritious  Ferns. — The  dwellers  on  the  argillaceous  mountains 
of  Japan  derive  most  of  their  food  from  a  variety  of  ferns,  which 
they  call  warabi.  In  spring  they  eat  the  young  leaves ;  later  in  the 
season  they  feed  on  the  starch  which  they  extract  from  the  roots.  In 
extractijig  the  starch,  the  roots  are  carefully  washed  in  order  to  remove 
all  dirt,  then  crushed  by  mallets,  and  the  pulp  stirred  in  reservoirs  of 
water.  The  water  is  then  drawn  into  other  reservoirs  to  settle,  depos- 
iting about  15  pounds  of  starch  for  every  100  pounds  of  roots.  In 
order  to  secure  the  reproduction  of  the  ferns,  the  natives  often  burn 
the  herbage  and  brush-wood  that  .spring  up  under  the  shade  of  the 
oaks  and  chestnuts.  Vast  tracts  have  been  devastated  by  this  deplor- 
able practice. — Les  Mondes.  C 

Hunting  by  Electricity. — A  new  application  of  the  Ruhmkorif 
coil  has  been  made  in  the  neighborhood  of  Marseilles.  Instead  of 
using  bird-lime  on  trees  Avhich  are  frequented  by  birds  of  passage,  a 
copper  wire  is  wound  around  the  trunk  and  a  decoy  attached  to  a 
neighboring  staff.  "When  a  numerous  flock  has  been  attracted  by  the 
decoy,  a  shock  is  sent  by  the  commutator,  and  they  are  more  surely 
stunned  than  by  a  rifle.  Experiments  of  a  similar  kind  have  also 
been  made  by  M.  Dalnias  upon  the  vines  at  his  country-seat,  and  pow- 
erful shocks  are  said  to  have  destroyed  the  parasites  together  wath  their 
eggs.  If  this  statement  is  confirmed,  the  ingenious  inventor  may 
reasonably  expect  the  prize  of  100,000  francs,  which  has  been  offered 
for  the  destruction  of  the  phylloxera. — Les  Mondes.  C. 
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SHEARING  STRENGTHS  OF  SOME  AMERICAN  WOODS. 


By  John  C.  Trautwine,  C.E. 


Notwithstanding  the  common  use  of  wood  for  pins,  or  treenails,  no 
experiments  that  I  know  of,  except  one  or  two  isolated  ones,  and  they 
imperfect,  have  been  tried  for  determining  tlie  extent  of  its  reliability 
for  this  purpose.  With  a  view  to  supplying  this  deficiency  in  some 
measure,  I  have  recently  tested  several  of  our  American  M'oods,  in  the 
shape  of  cylindrical  pins  '64  of  an  inch  (or  full  f  inch)  in  diameter. 
I  used  one  of  Messrs.  Richie's  well-known  and  accurate  testing 
machines,  in  connection  with  an  iron  holder,  shown  in  the  figure,  and 
through  a  cylindrical  hole  in  which  the  closely  fitting  wooden  pin, 
pj),  to  be  tested  was  placed.  The  two  parts  A  and  B  of  this  holder 
being  then  pulled  in  op{)Osite  directions,  it  is  plain  that  the  pin  can 
yield  only  by  direct  shearing  at  0  and  C. 


m 


— €- 


B 


Two  specimens  of  each  were  tried.  Where  their  difference  did  not 
exceed  10  per  cent.,  the  mean  is  given.  Greater  differences  must  of 
course  be  of  frequent  occurrence,  even  in  good  sound  specimens.  All 
the  specimens  were  fairly  seasoned  and  without  defects.  The  central 
pieces  sheared  off  were  f  inch  long ;  The  single  circular  area  of  each 
pin  was  '322  of  a  square  inch;  and  that  of  the  two  areas  that  were 
sheared  at  once  '644  of  a  square  inch;  and  since  "644  a  1-55  =  1 
square  inch,  it  follows  that  if  the  results  in  the  table  be  divided  by 
1'55,  the  quotient  will  be  the  actual  double-shearing  strength  found 
for  each  pin  of  full  f  inch  diameter. 

The  following  table  gives  the  results  in  pounds  per  square  inch  of 
total  sheared  area : 
Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixxix.)  8 
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P 

onnds  j)er 
s(|.  incli. 

Pounds  per 
8(1.  inch. 

Ash, 

. 

.     6280 

Lot;ust, 

.     7176 

Beecli, 

, 

5223 

Maple, 

6355 

Biirli,       . 

.     5595 

Oak,  white. 

.     4425 

Cedar,  white. 

.     1372 

to  1519  1 

"      live,     . 

8480 

"       Central 

America, 

.     3410 

Pine,  white. 

.     2480 

Cherry, 

2945 

"      yellow,  northern, 

4340 

('he.stimt, 

. 

.     1535 

"          "         southern 

.     5735 

Dogwood,     . 

6510 

"           '■'■         very  resinous,  5053 

Ebony,     . 

. 

.     7750 

Poplar, 

.     4418 

Gum, 

5890 

Spruce, 

3255 

Hemlock, 

.     2750 

AValnut,  black, 

.     4728 

Hickory, 

.    6045  to  7285 

"         common, 

2830 

REPORT  OF  THE  COMMITTEE  ox  SCIENCE  AND  THE 

ARTS  OX  THE  STEAM  INJECTOR  AND 

EJECTOR  OF  J.  H.  IRWIN. 


HALa.    OF    THE    FrAXKI>IN    INSTITUTE,  |^ 

Philadelphia,  November  15tli,  1879.  j 
The  Sub-Committee  of  the  Committee  on  Science  and  the  Arts, 
constituted  by  the  Franklin  Institute  of  the  State  of  Pennsylvania, 
to  whom  was  referred  for  examination  the  Steam  Injector  and  Ejector 
of  J.  H.  Irwin,  report  that  they  have  concluded  the  duty  imposed 
uj>on  them,  and  submit  the  following  as  the  result  of  that  investigation : 
The  experiments  were  conducted  at  the  country  place  of  Mr.  Irwin, 
situated  at  Morton,  about  nine  miles  out  on  the  West  Chester  and 
Philadelphia  Railroad,  where- were  found  all  the  facilities  needed  for 
such  an  undertaking,  there  being  an  experimental  machine  shop,  Avhere 
the  instruments  experimented  with  were  made,  fitted  up  with  all  the 
appliances  required,  and  ^\•()rkmen  who  understood  the  proper  fitting 
up  of  the  proper  instruments  and  their  connections. 

The  experiments  occupied  the  committee  five  days'  close  application 
of  about  seven  hours  each,  beside  which  one  of  the  committee  was 
occupied  an  additional  week  in  prejiaring  and  arrranging  for  the 
experiments. 


Feb.,  1880.]  Irwin  Steam  Injector  and  Ejector.  107 

Manner  of  Conducting  the  Experiments. 

The  water  supply  for  the  injectors  was  received  in  a  large  circular 
wooden  tank,  capable  of  holding  400  gallons,  mounted  on  a  large 
platform  scale,  having  the  capacity  to  weigh  6000  lbs.  The  delivered 
water  from  the  injector  was  conducted,  by  wrought  iron  pipe,  into 
another  tank,  situated  on  a  similar  platform  scale.  A  chemical  ther- 
mometer, Fahrenheit's  scale,  was  kept  immersed  in  the  feed  water  tank 
for  tiie  purpose  of  observation;  the  delivered  water  was  tested,  as  it 
left  the  injector,  and  as  close  to  it  as  practicable,  by  a  similar  thermo- 
meter, fitted  into  an  ordinary  tee  steam  fitting  by  passing  through  a 
cork,  the  bulb  of  the  instrument  ])rotruding  into  the  current  fluid. 

A  steam  pressure  gauge  was  arranged  on  the  steam  supply  pipe, 
close  to  the  injector,  and  a  water  pressure  gauge  between  the  thermo- 
meter tee  and  the  injector,  with  a  globe  valve  just  beyond  the  gauge, 
to  throttle  the  water  discharge  and  regulate  the  deliver}'  pressure, 
which  in  the  first  series  of  these  experiments  was  adjusted  to  equal  the 
pressure  of  the  steam,  in  effect  the  same  as  forcing  the  water  into  the 
boiler;  the  gauges  used  were  of  Schaeffer  and  Budenberg's  make,  and 
were  tested  and  adjusted  especially  for  these  experiments. 

To  test  the  injector  under  different  lifts,  a  sciiffold  was  erected  just 
outside  the  boiler  room,  with  stiigings  at  two  different  heights;  and  in 
order  to  economize  time  and  lessen  tlie  liability  to  error  from  leaky 
joints,  in  re-arranging  the  position  of  a  single  instrument,  three  injec- 
tors, of  similar  pattern,  were  taken  at  random  from  a  lot,  and  erected 
permanently  in  the  three  several  positions  of  altitude,  all  of  which, 
however,  gave  a  further  range  of  lift  as  the  water  was  lowered  in  tlie 
feed  tank. 

A  Wiegand  Boiler  was  ased  to  furnish  steam,  having  9*G25  square 
feet  of  grate  surface,  and  to  record  the  pressure  of  the  steam  was  used 
an  excellent  mercury  gauge  made  by  David  Lithgow,  of  Philadelphia. 

A  steam  valve  was  fitted  to  the  steam  pipe  outside,  close  to  the 
injector,  for  the  purpose  of  regulating  the  amount  of  steam  admitted 
to  the  instrument,  but  was  not  used,  except  Avide  open,  in  the  first 
series  of  experiments,  the  indications  all  being  taken  from  the  mercury 
gauge  attached  to  the  boiler:  across  the  face  of  which  was  arranged  a 
metal  slide,  which  was  set  in  a  line  with  the  pressure  required,  and 
the  engineer  kept  the  mercury  on  the  line  of  sight  by  opening,  closing 
and  regulating  the  draft  by  the  furnace  door,  throughout  the  several 
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experiments  in   an   admirable   manner,  and   practically  without  any 
sensible  variation  in  the  pressure  of  the  steam. 

Manner  of  Recording  the  Experiments. 

The  manipulation  of  the  injectors  was  done  by  the  inventor,  Mr.. 
Irwin;  the  members  of  the  committee  had,  individually,  a  separate 
duty  assigned.  One  was  stationed  at  the  feed  water  scales,  another  at 
the  delivered  water  scales;  one  observed  the  temperature  of  the  feed 
water  and  took  the  height  of  the  lift  immediately  preceding  and 
at  the  close  of  each  experiment;  another  took  the  temperature  of 
the  delivered  water  and  noted  the  steam  and  water  pressures,  while 
duplicate  records  were  kept  by  two  different  individuals,  as  a  check 
upon  each  other. 

Each  experiment  was  started  by  the  operator  on  the  injector  starting 
the  instrument  and  adjusting  it  in  proj)er  running  order  for  the  work 
to  be  performed.  When  brought  to  this  condition  the  word  now  was- 
given,  at  which  moment  the  weights  on  the  two  scales  were  taken,  and 
the  readings  of  the  different  gauges,  thermometers  and  instruments  of 
measurement  were  noted,  and  the  experiment  proceeded,  for  generally  fif- 
teen minutes.  AVhen  the  time  was  up  by  the  watch  the  word  noio  was 
again  repeated,  when  instantly  the  weights  and  readings  of  the  several 
instruments  were  again  taken,  reduced  to  the  mean,  and  called  off  for 
record,  warning  being  invariably  given  just  before  beginning  and 
ending  of  each  experiment.  In  this  way  there  was  no  confusion,  the 
duty  of  each  was  simple,  and  the  posting  perfect,  while  the  manner  of 
arriving  at  the  results  is  eminently  practical.  Taking  the  first  experi- 
ment as  an  exponent  of  them  all,  we  find  that  471*5  lbs.  of  water  had 
been  taken  from  the  feed  water  tank,  and  492  lbs,  had  been  discharged 
into  the  delivery  water  tank,  in  fifteen  minutes,  it  is  obvious  the  differ- 
ence, 20"5  lbs.,- must  be  the  Aveight  of  steam  used  in  effecting  the 
trnsfer.  In  this  way  there  are  no  doubtful  calculations  to  be  performed ; 
not  only  has  the  water  passed  through  the  instrument  been  weighed, 
but  the  amount  of  steam  used  to  perform  the  work  has  been  accurately 
weighed  and  ascertained;  the  subsequent  calculations  made,  and 
recorded  in  the  appended  tabular  list  of  these  experiments,  are 
of  a  very  simple  nature,  ■  although  requiring  a  considerable  amount 
of  arithmetical  calculatioji.  Each  one  furnishes  the  evidence  to 
detect  any  error  which  may  have  crept  in  during  the  taking 
of  any  individual  experiment,  for   if  the  units  of  heat  in  the  feed 
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water  lifted  per  pound  of  steam  at  any  given  pressure  be  taken 
from  the  total  units  of  heat  found  in  the  water  delivered,  the  diiference 
would  show  the  units  of  heat  pertaining  to  that  steam,  and  the  differ- 
ence between  the  latter  quantity  and  the  theoretical  heat  in  one  pound 
of  steam  at  the  given  pressure,  taken  from  Regnault's  tables,  furnishes 
the  error  of  the  experiment,  under  the  supposition  that  dry,  saturated 
-team  was  used  and  losses  from  radiation,  &c.,  omitted. 

This  cheek,  showing  tlie  error  of  each  experiment,  is  shown  in  col- 
imins  16,  17,  18,  19  and  20  of  the  first  series  of  experiments. 

The  fact,  on  the  one  hand,  of  the  Wiegand  boiler  permitting  the 
products  of  combustion  to  circulate  around  the  steam  drum,  en  route 
to  the  chimney,  and  thereby  superheating  the  steam  to  a  greater  or  less 
extent,  and,  on  the  other  hand,  that  the  steam  on  leaving  the  boiler 
passed  through  upwards  of  30  feet  of  uncovered  piping  exposed  to 
the  outside  air,  renders  some  method  of  check  necessary,  not  alone  for 
these  reasons,  but  also  because  of  the  unavoidable  small  errors  in  the 
several  instrunaents  used  and  the  possible  errors  of  the  observers. 

The  scales  used  in  these  ex])eriments  were  furnished  by  the  courtesy 
of  the  Messrs.  Riehle  Bros.  They  were  of  a  superior  class,  and  were 
accurately  adjusted  after  erection. 

The  Injector, 
As  made  in  accordance  with  the  laws  laid  down  by  Mr.  Irwin,  is  of  a 
general  nature.  The  whole  of  tlie  tabulated  experiments  shown  in 
series  1,  2  and  3,  ranging  from  where  105  pounds  of  stea,m  pressure 
above  the  atmosphere  was  used  down  to  15  inches  of  vacuum,  with 
the  instrument  st'll  Avorking,  and  where  an  augmented  pressure  of  330 
pounds  was  obtained  by  90  pounds  of  steam  down  to  10  inches  of 
vacuum,  where  an  augmented  pressure  of  10  pounds  was  gained; 
where  1  pound  of  steam  forced  against  a  pressure  of  25  pounds,  and 
1  pound  of  vacuum  against  15  pounds,  including  the  hot  water  experi- 
ments, running  up  to  where  feed  water  of  122  degrees  Fahr.  was  lifted 
19  inches  and  forced  by  30  pounds  steam  against  an  equally  resisting 
pressure,  and  also  where  the  water  was  lifted  21  feet  with  40  pounds 
of  steam  against  60  pounds  pressure,  were  performed  by  the  same  instru- 
ment, without  a  particle  of  change  or  alteration.  In  all  these  varied 
tests  the  instrument  generally  responded  promptly,  and  ran  through 
the  allotted  time,  usually  15  minutes,  without  readjustment,  and  it  was 
remarkable  to  observe  how  stationary  all  the  gauges  and  thermometers 
remained,  having  once  settled  down  to  the  work  before  them. 


no 
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Tlie  law  governing  the  economical  action  of  injectors,  as  'enun- 
ciated by  Mr.  Irwin,  may  be  briefly  stated  to  require  the  em])loy- 
ment  of  certain  angles  and  set  dimensions  of  the  interior  working 
parts,  which  have  been  arrived  at  after  a  series  of  numberless  experi- 
ments extending  over  a  period  of  6  years,  of  which  the  following  are 
the  most  important : 


^•1  is  the  steam  jet  which  is  adjusted  by  means  of  the  screw  spindle  and  crank  B  : 
this  spindle  contains  a  small  starting  jet 

C  is  the  combining  cone  in  which  the  steam  is  condensed,  and  the  issuing  stream  of 
water  is  received  by  the  receiving  tube  D. 

E is  the  steam  supply  pipe;  i^the  water  supply  pipe,  and  G  the  overflow. 

The  supply  of  water  is  regulated  by  means  of  the  oblique  slot  and  handle  H. 


Taking  the  lesser  diameter  of  the  combining  cone  as  the  standard 

of  measurement  of  the  instrument,  which  call 
The  larger  diameter  and  length  of  combining  cone,          .  .     = 

The  diameter  and  length  of  jet  opening  in  steam  cone,        .  = 

Smaller  diameter  of  receiving  cone,       .  .  .  .  .     ^ 


Larger 


I 

==  4 
=  2 
=  1 
=    2 

=  16 
=0-5 


Length  ■"  "  .... 

Diameter  of  starting  steam  jet,         ..... 

There  are  also  some  other  determined  dimensions  of  universal  appli- 
cation, a  full  explanation  of  which  will  be  gathered  from  a  perusal  of 
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the  patents  appended.  One  peculiarity  may  be  mentioned.  The 
water  supply  pipe  and  oyerfloAV  are  set  at  an  angle  of  45°  to  the  axis 
of  the  instrument,  which,  it  is  claimed,  materially  increases  the  power 
of  augmentation.  Permitting  the  free  entrance  of  the  atmospheric 
air  at  and  through  the  oyerflow,  it  is  also  maintained,  giyes  a  clear 
gam  to  the  extent  of  one  atmosphere  in  the  same  direction.  This 
could  be  practically  tested  by  placing  the  thumb  over  the  orifice  of 
the  overflow,  when  the  index  of  tlie  pressure  gauge  would  immediately 
fall  back  about  15  pounds,  and  advance  again  to  the  same  extent  by 
the  removal  of  the  obstruction.  A  way  of  proving  the  correctness  of 
this  assumption  was  to  turn  on  steam  enough  to  work  the  injector 
against  any  determined  pressure  when  the  overflow  was  closed,  then 
by  opening  it  a  certain  amount  of  steam  could  be  shut  off",  producing 
the  same  pressure  on  the  gauge.  The  steam  so  shut  off  was  undoubt- 
edly saved  (see  experiment  A). 

The  dimensions  of  the  instruments  experimented  with  were : 

Lesser  diameter  of  combining  cone  and  receiving  cone,  .  -^  inch 
Diameter  and  length  of  jet  orifice  in  steam  cone,  .  f      " 

Diameter  of  stiirting  steam  jet,  .  .  •     A     " 

The  other  dimensions  may  be  ascertained  by  recurring  to  the  pro- 
portional dimensions  above  laid  down. 

The  Result  of  the  Experiments 

Would  lead  to  the  conclusion  that  the  information  gained  in  regard  to 
this  injector  is  highly  important  in  the  cause  of  science,  and  that 
Mr.  Irwin  has  contributed  a  valuable  improvement  in  the  manner  of 
constructing  injectors,  increasing  their  power  of  augmentation  to  above 
twice  that  of  the  pressure  of  steam  used  for  practical  working  with- 
out waste,  and  about  four  times  with  waste  at  tlie  overflow,  as  will  be 
seen  by  taking  the  average  of  the  experiments  shown  in  the  2d  Series, 
which  seem  to  carry  out  a  general  law,  that  the  lower  the  steam 
employed,  the  higher  could  the  lyroportional  augmentation  of  pressure  be 
carried. 

In  the  first  series  of  experiments,  column  20  shows  the  percentage 
of  error  of  each  experiment.  The  method  of  checking  the  exj)eri- 
ments  can  be  shown  algebraically  as  follows  : 

Let  R  =  the  total  heat  of  1  pound  of  steam  for  the  observed  pres- 
sure, taken  from  Regnault's  tables ; 
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])  =  the  specific  heat  of  the  cleHvered  water  for  the  observed  tem- 
perature; 

A'  =  the  weight  of  feed  water  delivered  per  ])oiind  of  steam ; 

F  =  the  sj)ecific  heat  of  the  feed  water  for  its  observed  temperature; 

Aud  E  =  tlie  error  of  the  experiment. 

Tlien,  if  we  neglect  the  losses  of  heat  due  to  radiation,  and  the 
small  amount  of  work  done  in  lifting  the  water  to  the  injector,  and 
consider  that  the  friction  of  the  water  in  forcing  its  way  through  the 
tlirottle  valve  converts  the  work  done  there  into  heat, 
we  have  (1  +  A^  D  —  XF=  R  +  E, 

or,         E={\  +  X)D  —  XF  —  R  =  D~R-^{D—.F)X. 

If,  further,  we  assume  the  error  to  be  equal  to  zero,  we  have  from 

TO  T\ 

the  j)receding  equation  A'  = ,  which  gives  us  a  means  of  deter- 

D  —  F 

mining  the  weight  of  water  fed  per  pound  of  steam  with  sufficient 

accuracy, when  the  three  terms: 

1.  The  steam  pressure ;  2.  the  temperature  of  the  feed  water ;  3.  the 

temjierature  of  the  delivered  water,  are  known. 

Taking  for  example  experiment  3  of  the  First  Series,  we  have 

R  =  1165'6  heat  units. 

D=    110-267. 

F=      30-5. 

,.      R  —  D       1165  6  —  110.267       1055-3      .ooo  j 

A  = = = =:  13'2.3  pounds, 

D  —  F        110  3—    30-5  79-8 

a  quantity  slightly  less  than  the  observed  result,  but  only  noticeably 
less  because  the  experiment  shows  an  error  in  excess. 

The  percentage  of  error  is  found  by  dividing  the  ascertained  error 
{E)  by  the  total  quantity  of  heat  in  one  pound  of  steam  plus  the  heat 
of  the  delivered  feed  water  =.[(1  +  A'')  D~\. 

The  hor.se  power  of  this  injector  can  be  determined  with  sufficient 
approximation  from  column  1 4,  First  Series,  one  pound  of  water  per 
minute  being,  with  sufficient  margin  in  excess,  the  supply  of  Avater 
required  per  hor.se  power. 

The  range  of  the  injector  is  shown  in  a  few  ca.ses  in  column  15,  First 
Series,  and  is  a  criterion  of  its  adaptability  to  the  varying  supply  often 
demanded  of  an  injector. 

The  committee  were  limited  to  105  pounds  steam  pressure,  as  the 
boiler  was  not  in  a  condition  to  use  anything  higher. 
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Experiment  A. 

Steam  Press.     Water  Press.     Temp.  Delivery. 

90  93  138°  Overflow  open. 

90  83  136°  Overflow  shut. 

Opening  the  overflow  again,  the  pressure  rose  to  93  pounds.  Some 
steam  was  then  shut  ofl",  reducing  the  water  pressure  to  83  pounds,  the 
same  as  indicated  with  the  overflow  shut,  when  the  temperature  of 
the  delivered  water  fell  to  127°.  This  experiment  was  several  times 
repeated,  with  the  same  general  result.  The  experiments  upon  high 
temperatures  of  feed  water  not  presenting  as  high  a  range  as  in  the  case 
of  other  injectors,  certain  alterations  in  the  interior  angles  of  the  instru- 
ment were  made,  increasing  the  diameter  and  length  of  the  comhining 
and  receiving  cones,  doubling  their  proportions,  with  an  advantage  in 
point  of  taking  hotter  water  to  the  detriment  of  the  other  characteris- 
tics of  the  instrument,  as  will  be  seen  by  the  following : 

Experiment  B. 

Head. 
13  inches         Water  forced  into  boiler. 
10      "  There  being  a  slight  overflow. 

7      " 

The  temperature  of  the  feed  water  was  now  run  down  to  74°,  in 
order  to  test  the  power  of  augmentation,  resulting  as  follows : 

Experiment  C. 

The  instrument  would  just  take  watt-r  at        .       35  pounds. 
Commenced  to  overflow  at       .  .  70      '* 

Broke  at         .  .  .  .       75      " 

With  steam  at         .  .  .  90      " 

Overflow  at     .  .  .  .     125      " 

Broke  at  .  .  .150      " 

The  duty  of  the  injector,  though   comparatively  unimportant,  has 
been  computed,  and  is  shown  in  columns  21,  22  and  23,  First  Series. 
Oolumn  21  contains  the  head,  and  consists  of  the  lift  of  the  injector 
jjIus  the  resisting  pressure  of  the  water  in  pounds  multiplied  by  2*3  feet 
Column  22  contains  the  duty  per  pound  of  steam. 
Letting  h  =  the  head  in  feet,  computed  as  above,  we  have 
h  X  (1  +  ^")  =  duty  per  pound  of  steam. 


Steam. 

Temp. 

80 

120° 

85 

134° 

95 

144° 
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Column  23  contains  the  duty,  as  ordinarily  expressed,  for  pumping 
engines  per  100  pounds  of  coal,  estimated  as  cai)able  of  making  900 
pounds  of  steam,  u])on  the  basis  of  an  evaporation  of  9  pounds  of 
water  per  pound  of  coal. 

AH  of  which  is  respectfully  submitted. 

Washington  Jones, 
W.  Barnet  Le  Van, 

TiNIUS    Ol.SEN, 

William  M,  Henderson, 
Approved :  Wm.  D.  Marks,  Chairman, 

J.  B.  Burleigh,  Chairman  pro  tern. 
January  7th,  1880. 


Experiments  upon  Human  Heat.-^Hirn  has  supplemented 
his  brilliant  thermo-dynamic  experiments  by  an  application  of  his 
method  to  the  human  organism,  in  order  to  ascertain  its  mechanical 
equivalent.  Pie  finds  that  in  the  normal  condition,  while  the  heat  of 
the  body  is  increasing  or  decreasing,  every  425  kilogrammetres 
(3074-084  foot-pounds)  of  work  costs  or  brings  to  the  organism  a  unit 
of  heat.  By  comparing  the  heat  w^iich  really  appears  or  disappears 
with  that  which  ought  to  appear  or  disappear,  we  can  study  what  is 
going  on  in  our  bodies,  and  how  they  are  modified  by  the  conditions 
in  which  they  are  placed.  The  laws  of  mechanical  physics  may  thus 
teach  us  how  and  how  much  our  organism  differs  from  an  ordinary 
machine. — Comptes  Rendus.  C. 

Prediction  of  Harvests. — Herve  Mangon  has  examined  the 
climatological  conditions  of  the  years  from  1869  to  1879,  in  Normandy, 
and  their  influence  upon  the  ripening  of  the  crops.  He  gives  three 
tables  of  the  amount  of  heat  received  by  different  grains  between 
planting  and  harvesting,  and  draws  two  important  practical  conclu- 
sions: 1.  In  a  mild  and  regular  climate  it  is  generally  desirable  to 
sow  tlie  crops  early  in  the  fell.  2.  By  observing  each  year  the  amount 
of  heat  received  subsequently  to  planting,  and  by  consulting  properly 
prepared  tables,  it  is  possible  to  calculate  a  month  or  six  weeks  in 
advance  the  time  of  harvest.  In  his  own  tables  he  fixed  upon  6°C. 
(42"8°F.)  as  the  growing  limit,  and  recorded  the  number  of  degrees  at 
each  observation  above  that  limit. — Cotnptes  Rendus.  C. 
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MINERALOGICAL  NOTES. 


Bv  Wm.  H.  Wahl,  Ph.D. 


In  minei^alogy  the  usual  amount  of  activity  has  been  disi)layecl 
during  the  past  year,  though  the  record  is  not  so  interesting  as  tliat  of 
the  preceding  year.  In  chemical  mineralogy  especially  there  have  been 
some  highly  important  researches  that  have  added  a  number  of  new 
elements  to  science.  The  mineral  samarskite,  which  has  ah'cady 
\'ielded  two  new  elements,  phillipium  and  decipium,  is  affirmed  by 
Boisbaudran  to  contain  still  another,  to  which  he  has  given  the  name 
of  samarium;  while  gadolinite,  which  in  1878  yielded  ytterbium  to 
Marignac,  contains,  according  to  Nilson,  a  new  element,  scandium. 
The  same  new  radical  is  affirmed  to  have  been  detected  in  yttrotitanite^ 
and  Cleve,  who  has  investigated  the  earth  erbia,  which  yielded  ytter- 
bium to  Marignac,  affirms  the  existence  therein  of  two  other  new  metals^ 
holmiiun  and  fhulium.  From  the  copper-nickel  of  Kragero  (Norway) 
Dalill  lias  succeeded  in  isolating  what  he  affirms  to  be  a  new  metal, 
which  he  calls  norwegium. — Am.  Jour.  Sei.  and  Arts,  xvii,  478  ;  xviii^ 
141,  400,  etseq. 

Delafontaine  affirms  tliat  he  has  succeeded  in  detecting  Marignac's 
ytterbium  in  the  mineral  sipylite  from  Amlicrst,  Va.,  and  ^V.  G. 
Brown  claims  to  have  observed  the  spectrum  lines  characteristic  of 
Delafontaine's  phillipium  in  the  same  mineral.  The  existence  of  a 
new  member  of  the  platinum  group  from  the  Ural  is  also  re-affirmed, 
and  given  provisionally  the  name  ouralium.  How  many  of  these 
alleged  discoveries  will  stand  the  test  of  future  investigation  it  would 
be  hazardous  to  predict.  Time  alone  can  bring  order  out  of  what 
appear,  at  least  in  the  case  of  several  of  the  above  new  (?)  elements, 
to  be  conflicting  discoveries. 

Mr.  S.  B.  Christy  contributed  an  important  paper  to  the  California 
Academy  of  Sciences,  on  the  Genesis  of  Cinnabar  deposits,  to  deter- 
mine the  question  whether  these  deposits  were  formed  by  deposition 
from  solution  or  by  sublimation.  The  author  shows  that  cinnabar  is 
soluble  in  alkaline  sulphides  at  temperatures  between  150°  and  250°C. 
and  at  pressures  of  from  200  to  500  pounds  per  square  inch.  He  holds 
that  the  preponderance  of  evidence  is  in  favor  of  the  view  that  the 
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<lej)o.sits  of  cinnabar  as  they  exist  at  present,  in  silu,  are  the  result  of 
deposition  from  solutions  in  alkaline  menstrua,  under  conditions  not 
unlike  those  by  which  he  has  succeeded  in  producing  the  mineral  arti- 
ficially.—Proc.  AeacL,  1879. 

The  artificial  })roduction  of  pyroxene  was  accidentally  accomplished 
iind  noticed  by  Messrs.  Thomas  and  Gilchrist  in  the  operation  of  manu- 
facturing the  basic  bricks  for  Ihiing  the  walls  of  the  Bes.semer  converter 
which  forms  an  im})ortant  element  of  their  j)roce.ss  for  mani{)ulating 
phosphoretic  pig  iron.  Those  bricks  are  made  of  an  aluminous  mag- 
nesium limestone,  subjected  to  a  very  high  temperature  in  a  furnace 
lined  with  siliceous  fire-bricks;  where  the  lower  portion  of  the  charge 
had  come  in  contact  with  the  siliceous  lining  a  decomposition  and  par- 
tial fusion  had  taken  place.  Portions  of  the  fused  mass  were  distinctly 
crystallized  in  prismatic  crystals  of  the  monoclinic  .system,  semi-trans- 
parent, and  from  colorless  to  green  in  color.  Hardness  5  +  ,  and  .spe- 
cific gravity  2'934.  Analysis  showed  it  to  be  a  bi-silicate  and  a  true 
pyroxene. 

Of  other  contributions  to  chemical  mineralogy,  it  will  be  useful  to 
note  the  fact  that  F.  D.  Adams  has  determined  the  very  general  exist- 
ence of  chlorine  in  members  of  the  scapolite  family ;  C.  Doelter  has 
added  considerably  to  our  knowledge  of  the  correct  composition  of 
spodumene  and  petalite,  and  Rammelsberg  to  that  of  the  Uth'ia  micas  ; 
and  Tisani  shows  that  loagnerite  is  identical  with  kjerulfine.  The  fol- 
lowing new  localities  and  occurrences  of  minerals  are  worthy  of  notice. 
Genth  has  identified  with  pyrophyUite,  a  mineral  found  by  Reinhold  in 
the  coal  slates  of  the  North  Mahanoy  Colliery,  in  Schuylkill  Co.,  Pa., 
filling  out  cavities  in  the  slates,  and  as  the  petrifying  material  of  coal 
plants.  {Proc.  Am.  Phil.  Soc,  xviii,  279).  As  the  result  of  Mr.  Edi- 
son's circular  of  inquiry,  the  presence  of  platinum  has  been  determined 
in  numerous  localities  in  Idaho,  Dakotah,  Washington  Terr.,  Colorado, 
Arizona,  New  Mexico  and  British  Columbia.  In  some  of  these  locali- 
ties the  metal  is  affirmed  to  exist  in  considerable  quantities. 

Dr.  Genth's  examination  of  a  new  locality  of  uranium  minerals  at 
the  Flat  Rock  mine,  N.  C,  has  yielded  some  v'aluable  facts  concerning 
the  genesis  of  these  s])ecies.  [Am.  Chem.  Jour.,  i,  87).  The  rounded 
masses  in  which  they  occur  were  found  to  contain,  in  many  cases,  a 
nucleus  of  uraninite ;  surrounding  this  is  an  orange-colored  mineral, 
gummite,  and  interpenetrating  it  and  forming  a  crust  over  it,  a  light 
yellow  mineral,  identified  as  uranotil.     Dr.  Genth  affirms  that  gum- 
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mite  is  a  mixture  of  uranium  hydrate  (40*10  p.  c),  uranotil  (33.38 
p.  c),  lead  uranate  (22*66  p.  c)  and  barium  uranate  (4*26  p.  c).  He 
also  observes  autunite  at  the  same  locality,  associated  with  phosphu- 
ranylite,  a  new  species,  described  elsewhere.  Dr.  E.  Goldsmith  reports 
the  occurrence  of  amber  and  asphalfum  in  the  ash  marl  of  the  creta- 
ceous, at  Vincentown,  N.  J.  The  last  named  is  found  occasionally 
in  masses  of  100  pounds  weight.  The  amber  is  thought  to  be  related 
to  the  kranzite  of  Bergemann.  {Acad.  Nat.  Sci.  Proc,  1879). 
Percylite  and  schicartzenbergite  are  reported  to  have  been  found  at  a  new 
locality  in  Bolivia.  Extensive  deposits  of  a  inineral  wax  have  been 
discovered  in  Utah.  The  locality  is  in  the  Wasatch  Range,  on  the 
head  waters  of  the  Spanish  Fork,  east  from  the  south  end  of  Utah 
Lake.  The  material,  variously  described  as  ozocerite  and  zietrisikite 
by  Newberry  and  Wurtz  res])ectively,  who  differ  as  to  its  identity,  is 
found  saturating  beds  of  bkiish  shales  of  (probably)  tertiary  age,  over 
a  tract  of  country  50  to  60  miles  in  one  direction  by  20  miles  in  an- 
other.— Eng.  and  Min'g  Jour.,  Dec,  1878— Jan.,  1879. 

Claasen  has  identified  eacoxenitc  on  the  martite  of  Lake  Superior. 
It  appears  in  acicular  crystals  of  brown  yellow  color,  forming  radiating 
tufts.  Dr.  J.  Lawrence  Smith  has  made  an  elaborate  investigation  of 
the  native  iron  of  Ofivak  and  other  localities  in  Greenland  {Ann.  de 
Chim.  et  dePhys.  (F),  xvi.)  hitherto  believed  to  be  of  meteoric  origin, 
and  affirms  them  to  be  terrestrial.  B.  Silliinan  notices  that  the  rare 
mineral  Jrt ros/fc  occurs  quite  abundantly  in  the  quartz  veinstone  of  the 
Vulture  mine  in  Arizona. — Am.  Jour.  Sci.,  xviii,  73. 

Maskelyne  describes  rock  masses  from  two  localities  in  the  Trans- 
vaal in  South  Africa,  consisting  solely  of  massive  enstatite. 

For  the  benefit  of  those  readers  of  the  Journal  who  may  be  inter- 
ested in  the  subject,  an  alphabetical  list  of  the  new  mineral  species 
and  varieties  that  have  been  described  in  the  journals  during  the  vear 
just  passed  is  herewith  appended,  together  with  a  brief  description 
of  the  more  important  members  of  the  list. 

Abriachanite — a  doubtful  species — described  by  Heddle,  and 
named  provisionally  with  several  other  substances,  "which  may  prove 
to  be  new  Scottish  minerals."  It  is  described  as  an  imjiure,  bluish, 
clay-like  mineral. — 3Iin.  3£ag.,  1879,  57.     Am.  Jour.  /See.,  xviii,  484. 

Animikite,  an  antimoniuret  of  silver,  resembling  metallic  silver, 
which  its  discoverer  holds  to  be  a  new  member  of  the  dichrasite  family. 
Found  at  Thunder  Cape,  near  Silver  Islet,  where  it  was  taken  for 
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native  silver.  Described  by  Dr.  Henry  Wurtz. — Emj.  and  Min\/ 
Jour.,  Feb.  22,  1879. 

JJkrnardinite,  a  new  mineral  resin  from  San  Bernardino  Co.,  Cal. 
A  iiirlit,  j)orons,  friable  muss  of  yellowish-wliite  (!olor,  that  floats  on 
water ;  dissolves  readily  in  alcohol,  ether  or  potassa,  and  forms  an 
emulsion  with  water  on  boiling.  It  is  probably  a  mixture  of  several 
resins.     Described  by  J.  M.  Stillman. — Miri'g  and  Sci.   Press,  1879. 

BiiRECKiTE,  a  chloritic  mineral  named  provisionally  by  Heddle  as 
a  })robable  new  Scottish  mineral. — Ref.  Abriaclianite  ante. 

Brass  (native).  Specimens  of  what  appear  to  be  a  native  brass  are 
reported  to  have  been  found  on  the  Yuba  river  in  Sierra  Co.,  Cal. 
They  are  described  as  being  in  the  form  of  small,  flattened,  concre- 
tionary masses,  destitute  of  crystidline  structure,  yellowish  to  red- 
brown  in  color,  with  a  faint  yellowish  streak.  Comp.  85*02  p.  c.  cop- 
per, 11 '02  p.  c.  zinc.  Described  by  J.  M.  Stillman. —  Ref.  Bernardi- 
nite  ante. 

Clixocrocite,  a  hydrous  sulphate  found  at  the  Bauersberg,  near 
Bischofsheim.     Described  by  S.  Singer. — Bef.  Abriaclianite  ante. 

Clinophaeite,  a  hydrous  sulphate.  Same  locality.  Singer. — Ref. 
Abriaclianite  ante. 

Eggoxite,  a  new  silicate  (containing  cadmium  ?)  occurring  in  minute 
crvstals  of  a  brown  color  on  calamine  from  Alteuberg,  near  Aachen. 
Described  by  Schrauf. — Zeifseh.  Kryst.  iii,  352. 

Fairfieldite,  a  hydrous  phosphate  of  manganese  and  calcium  with 
small  quantities  of  iron  and  sodium ;  found  associated  with  reddingite 
and  fillowite,  at  the  new  mineral  locality  at  Brauchville,  Fairfield  Co., 
Conn.  Its  color  is  yellowish  white  to  colorless  and  transparent,  with 
adamantine  lustre  on  the  best  cleavage  planes.  Described  by  Brush 
and  E.  S.  Dana. — Am.  Jour.  Sci.  and  Art.'i,  xvii,  259,  et  seq. 

Fillowite,  a  hydrous  phosphate  of  manganese,  sodium  and  iron. 
Found  at  the  same  locality  as  the  mineral  just  described.  Occurs  in 
crvstalliue  masses,  and  rarely  in  distinct  crystals  of  a  wax  yellow  to 
brown  color,  at  times  almost  colorless.  Crystallization  monoclinic. 
Described  by  Brush  and  E.  S.  Dana. — Ibid. 

Gedonite,  a  fossil  resin  occurring  with  the  amber  of  the  Baltic,  and 
distinguished  from  the  latter  by  its  greater  friability,  lower  point  of 
fusion  and  more  ready  solubility.  Described  by  Helm. — Eng.  and 
Ming  Jour.,  March  13,  1879. 

Haxnayite,  a  hydrous  phosphate  of  magnesia  and  ammonia  found 
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in  the  guano  of  the  Skipton  caves  in  Victoria,  N.  S.  W.  Crystalliza- 
tion triclinic,  with  perfect  basal  cleavage.  Described  by  Yom  Rath. — 
Vide,  Neioberyiie 

Hereexgrundite,  a  basic  cupreous  sulphate,  found  associated 
with  gypsum,  malachite  and  calcite  from  Herrengrund,  Hungary. 
Crystallization  raonoclinic  (?)  with  perfect  basal  cleavage;  color  dark 
merald  green.  Described  by  Bretzina. — Zeifsch.  KrysL,  in,  359. 
Am.  Jour,  xviii,  484. 

HoFMANXiTE  occurs  ill  colorle-ss,  ta.steless,  tabular  crj'^stals  in  lig- 
nite, with  a  composition  C^^H^^O.     Described  by  Bechi  (Pisa). — Ibid. 

HouGHTO-NiTE,  a  uew  species  (?)  of  mica  from  the  hornblendic  gneiss 
of  Roneval,  Scotland.  It  has  a  jet  black  color,  transmitting  brown 
light  in  thin  plates.     Described  by  Heddle. — Ibid. 

HuNTiLiTE,  a  new  arsenide  of  silver  found  at  Silver  Islet,  Lake  Su- 
perior. Tm'o  varieties  are  found,  the  most  abundant  being  amorphous 
or  cryptocrystalline  and  of  a  slate  gray  to  black  color,  while  a  crystal- 
line variety  is  of  a  light  slate  color.  Both  varieties  are  somewhat  mal- 
leable under  the  hammer,  and  take  a  burnish  when  rubbed  with  a 
knife  blade.  They  give  a  lustrous  bronze  streak  on  ground  glass.  The 
discoverer  holds  the  affiliations  of  huntilite  to  be  with  the  dichrasites 
and  domeykites,  regarding  it  properly  as  a  silver  domeykite,  but  con- 
stituting the  first  member  of  a  new  series  of  mineral  homologues.  Des- 
cribed by  Wurtz. — Eng.  and  Miti'g  .lour.,  Jan.  25th,  1879. 

Leucomaxganite,  a  snow-white,  foliated  and  radiated  mineral, 
colorless  in  thin  plates,  but  fusing  readily  before  the  blowpipe  with 
brownish  discoloration.  Chemical  composition  not  accurately  known, 
but  containing  manganese  and  iron  ])rotoxides,  alkalies  and  water. 
Described  by  Sandberger. — N.  Jahrbuch  f.  llin  ,  1879,  .■370. 

LouisiTE,  a  hydrous  silicate  of  lime  and  potassa  with  small  quanti- 
ties of  iron  (protoxide),  found  at  Blomidon,  X.  S.  It  is  a  leek-green, 
translucent,  vitreous  mineral,  brittle  with  splintery  fracture,  and  gela- 
tinizes with  hydrochloric  acid.  Analyzed  by  H.  Louis  and  named  by 
D.  Honeyman. — Am.  Jour.  Sci.,  xviii,  48  i. 

Mallardite,  a  new  hydrous  sulphate  of  manganese  found  at  Lucky 
Boy  silver  mine,  Utah.  Occurs  in  small  fibrous,  monoclinic  crystals, 
at  first  colorless  and  transparent,  but  Avhich  soon  effloresce  on  exposure 
to  the  air,  losing  two  equivalents  of  water.  Described  by  A.  Carnot.-r- 
Joiir.  Chem.  Soc. 

Newberyite,  found  with  hannayite  in  the  guano  of  the  Skipton 
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Caves,  Victoria,  N.  S.  W.  A  liyclroiis  phosphate  of  magnesia ;  crys- 
tallization orthorhombic.  Described  by  Voiu  Rath. — Bull.  Hoc.  Min. 
France,  1879;  Am.  Jour.  ScL,  xviii,  487. 

Plagiocitrite,  a  new  hydrous  sulphate  from  the  Bauersberg,  near 
Bischofsheim.     Described  by  Singer. — Aia.  Jour.  Sci ,  xviii,  484. 

PnospHUKANVLiTE,  a  ucw  hydrous  i)hosphate  of  uranium,  found 
at  the  Flat  Rock  mine,  in  Mitchell  Co.,  N.  C,  occurring  in  the  mica- 
bearing  portion  of  a  large  granite  vein  with  other  uranium  minerals. 
Found  as  a  thin  coating  on  quartz,  feldspar  and  mica.  The  mineral 
lias  a  deep  lemon  yellow  color,  and  under  the  microscope  shows  minute 
rectangular  scales  of  a  pearly  lustre.  Described  by  Genth. — Am. 
Chem.  Jour.,  i,  87. 

Randite,  a  hydrous  carbonate  of  calcium  and  uranium  found  as  a 
lemon-yellow  incrustation  on  granite  near  Philadelphia.  The  mineral 
is  related  to  liebigite.     Described  by  Koenig. — Acad.  Nat.  Sci.  Proe  , 

1878,  408. 

Reinite,  a  tungstate  of  iron,  isomorphous  with  scheelite  and  scheel- 
etine,  brought  from  Japan  (Kimbosan)  by  Dr.  Rein.  Found  associ- 
ated with  quartz,  forming  large,  well-developed  crystals  of  brownish- 
black  color,  closely  resembling  those  of  the  above-named  minerals. 
Described  by  Dr.  Luedecke. — N  Jahrbuchf.  3Iin.,  1879,  568. 

TiTANOMORPHiTE,  a  titauatc  of  lime,  held  to  be  the  product  of  the 
alteration  of  titanium  minerals  (ilmenite  and  rutile).  It  is  found  in 
hornblende  slate  near  Reichenbach,  in  Silesia,  surrounding  crystals  of 
rutile.  It  has  a  yellowish-white  color,  and  a  granular  or  fibrous  tex- 
ture.    Described  by  von  Lasaulx. — N.  Jahrbuchf.  Min.,  1879,  568. 

Urusite,  a  hydrous  sulphate  of  ferric  oxide  and  soda,  found  in  the 
Caucasus  associatea  with  gelbeisenerz  and  copperas.  Color  from  lemon- 
yellow  to  orange,  and  i.s  found  in  bulbous  nuisses  (or  pulverulent), 
which,  when  crushed,  show  the  glitter  of  the  small  crystals  of  which 
the  mass  is  made  up.     Described  by  Frenzel. — N.  Jahrbuchf.  Min., 

1879,  89. 

Urvolgyite  (see  Herrengrundite,  ante).  Szab&,  who  describes  this 
species,  differs  from  Brezina  in  making  the  lime  obtained  in  the  analy- 
sis an  essential  constituent  of  the  mineral,  while  the  latter  ascribes  it  to 
the  presence  of  gypsum.— Tsc/i..  Min.  Mittheill,  ii,  311. 

•  W ATTEViLLiTE,  a  hvdrous  sulphate  found  at  the  Bauersberg,  near 
Bischofsheim.     Described  by  Singer. — Am.  Jour.  JScL,  xviii,  484. 

Xantholite,  a  mineral  having  nearly  the  composition  of  staurolite, 
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but  tliought  to  have  a  nionoclinic  crystallization.  Described  and 
named  provisionally  by  Heddle,  as  a  probable  "  new  Scottish  mineral." 
—Min.  Mag.,  1879,  57. 

Of  new  varieties,  the  following  are  of  special  interest : 
A  titaniferous  cri/8oIite,  having  a  red  color,  and  containing  6'10  p.  c. 
of  titanic  acid,  has  been  found  at  Zermatt,  Switzerland.     Described  by 
Damour. — BuU.  Soc.  Min.  France,  ii,  15. 

A  gelatinous  silicate,  found  near  Jjausanne,  Switzerland,  has  the  con- 
sistency of  paste  when  taken  out,  but  gradually  solidifies.  It  has  the 
composition  of  chabasite.  Renevier,  who  described  it,  calls  it  "a  mine- 
ral in  an  embryotic  condition." — Bidl.  Soc.  Vaud,  xvi,  21  ;  Am. 
Jour.  Sci.,  xviii,  72. 

A  mangano-calcite,  carrying  2*04  p.  c.  of  barium  carbonate,  occurs 
in  a  crystalline  limestone  at  Laangban.     Described  by  Sjogren. 

A  ban/tie  feldspar,  carrying  over  7  p.  c.  of  baryta,  is  described  by 
Descloiseaux,  Cleavage  angles  were  identical  with  those  of  labradorite, 
while  its  optical  properties  allied  it  with  albitc  and  oligodase.  Locality 
was  unknoAvn,  but  the  mineral  resend)led  the  albite  from  Steiermark. 

LucKiTE,  a  new  variety  of  ferrous  sulphate.  It  is  found  in  small 
distorted  crystals,  probably  nionoclinic,  having  a  slight  tinge  of  blue. 
The  mineral  carries  a  small  percentage  of  manganese  ;  composition  SO* 
(Fe  ^In)  -|-  71I-0.  Ratio  of  Mn  to  Fe  as  1  :  10.  It  is  regarded  as 
being  intermediate  between  melanterite  and  mallardite,  but  differs 
from  both  by  not  altering  on  exj^osure  to  air.  It  occurs  at  Lucky  Bov 
silver  mine,  Utah,  and  is  described  by  Carnot. — Jour.  Chem.  Soc. 

In  crystidlographic  mineralogy,  it  may  be  interesting  to  note  that 
Streng,  from  a  study  of  the  optical  characters  and  an  accurate  measure- 
ment of  the  angles  of  the  crystals  of  pyrostilpnite  (fireblende),  pro- 
nounces this  mineral  to  belong  to  the  orthorhombic  and  not  to  the 
monoclinic  system;  and  that  Baumhauer,  from  an  investigation  of  the 
etching  figures  produced  on  crystals  of  boracite  by  acids,  is  led  to  the 
conclusion  of  Mallard,  that  the  species  belongs  to  the  orthorhombic 
and  not  to  the  isometric  system. 


Magnetic  Influence  on  Atmospheric  Polarization.. — Henri 
Becquerel  infei-s,  from  recent  observations  upon  skylight  polarization, 
the  existence  of  a  variable  difference  between  the  solar  plane  and  th« 
plane  of  polarization,  and  the  manifestation  of  a  magnetic  influence 
by  the  earth  upon  the  atmos])here. — Comptes  Rendus.  C. 
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BILK   CULTURE. 


By  Sam'l  Cham hkri.a ink,  M.D. 


The  United  States  Agricultural  Report  froin  the  Census  of  1870 
contains,  at  page  241,  the  following  passage  respecting  silk  culture: 
"  In  consequence  of  the  diseases  of  the  silkworm,  the  imports  of  raw 
silks  into  Great  l^ritain  have  fallen  oif  40  per  cent.,  and  prices  have 
risen  100  per  cent.  Imports  of  silk  from  China  between  1857  and 
1864  fell  from  nine  millions  of  pounds  to  three  millions  of  pounds. 
To  remedy  this  evil,  the  silk  manufacturers  of  England  have  formed 
a  com])any,  '  The  Silk  Supply  Association,'  the  object  of  which  it  to 
stimulate  silk  ju-oduction  by  cottage  culture." 

The  notice  thus  given  of  a  defi(;iency  in  this  important  article  of 
luxury,  the  j)roducing  and  manufacturing  of  which  has  been  so  largely 
productive  of  wealth  to  three  great  countries — China,  Japan  and  France 
— drew  renewed  attention  to  the  subject  in  the  United  States,  and  in- 
duced in  several  parts  of  the  country  a  desire  to  repeat  the  efforts  made 
in  1830  to  1840,  but  upon  a  better  and  wiser  method  than  was  pursued 
at  that  period.  It  was  remembered  by  many  that  the  originator  of 
the  silk  excitement  in  that  decade  (M.  D'Homergue,  a  native  of  the 
silk  provinces  of  France  and  brought  up  amongst  silk-growers)  had 
declared  his  belief  "  that  the  United  States  are  destined  to  become  a 
great  silk-growing  and  silk-manufacturing  country;  that  the  fulfillment 
of  this  high  destiny  may  be  retarded,  but  nothing  can  prevent  its  tak- 
ing place  at  some  future  time"  (]>age  63  of  letters  to  Mr.  Peter  S. 
Duponceau). 

The  development  of  the  uhha]>py  excitement  of  that  period  into  a 
wild  and  wicked  speculation  in  mulberry  trees  proved  that  this  indus- 
try could  not  be  made  sufticiently  profitable  to  any  individual  to  induce 
the  prosecution  of  it  alone ;  that  it  requires  combination,  both  of  indi- 
viduals to  cultivate  the  silkworms  on  a  sufficiently  large  scale,  and  of 
capital  to  regulate  the  purchase  and  sale  of  the  silk  products.  The 
English  idea  of  cottage  culture,  stimulated  and  regulated  by  an  organ- 
ized company,  is  being  pursued  in  their  Australian  colonies.  We  saw 
something  of  their  success  during  the  Centennial  Exhibition  of  1876. 
It  remains  for  us  Americans  to  adopt  and  apply  to  our  own  country 
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the  wise  suggestion  and  example  they  have  given  us.  To  farther  this 
hoped-for  application  the  following  statistics  are  presented  through 
the  JouEJsAL  OF  THE  Franklix  INSTITUTE.  And  first  in  regard  to 
the  whole  silk  supply  of  all  the  silk-producing  countries.  It  appears 
that  there  is  at  all  times  a  relative  deficiency,  i.  e.,  that  the  supply  is 
subject  to  very  great  and  very  sudden  fluctuations  as  to  quantity,  and 
that  while  on  the  whole  there  is  a  general  increase  of  production,  this 
does  not  keep  pace  with  the  increase  of  demand.  The  adulterations 
and  the  intermixture  of  other  textile  fibres  of  less  strength  and  less  dura- 
bility fill  the  demand  for  the  time.  It  would  be  much  better  filled 
by  the  silk  alone,  were  the  jn'oduction  itself  increased.  It  is  there- 
fore true  that  in  the  world's  markets  there  is  always  ready  sale  for 
raw  silk.  The  statistics  presently  to  be  introduced  will  show  that  in 
our  own  markets  there  is  a  steadily  and  rapidly  increasing  demand  for 
it.  The  irregularity  of  the  production  is  very  forcibly  shown  by  the 
following  table  of  prices  at  London,  taken  from  Secretary  AVyckoft''s 
■"Silk  Goods  in  America"  (published  in  1879): 
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It  is  of  interest  to  know  what  may  be  the  product  of  the  whole 
silk-producing  countries  of  the  woi'ld,  and  attempts  have  been  made 
to  arrive  at  some  probable  estimate,  notwithstanding  the  difficulty  of 
collecting  statistics  from  so  many  countries  and  from  such  variety  of 
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returns.  Two  tables  of"a])})n)xiinate  resiiltis  we  present  below,  the  one 
taken  from  the  American  Kxchange  and  Meview  for  Octol^er,  1870, 
and  the  other  from  Dr.  Brockctt's  /^ilk  Indndri/,  publi.shed,  in  1876, 
under  the  auspices  of  the  Silk  Association  of  Ameri(;a,  and  for  the 
( /cntcnnial  Exliibition.  Both  tables  i»:ive  only  tla;  value  in  dollars, 
but,  as  it  is  desirable  to  form  an  idea  of  the  ])roduction  in  pounds,  ] 
have  used  a  table  of  Dr.  Brockett's  work  (pao-e  203)  to  obtain  an 
average  price  per  jwund,  and  from  it  to  deduce  the  amount  of  silk 
supposed  to  have  been  furnislied  by  each  silk  region  : 

Couiitrj-.  Av.  value.      Total  value.  Estimated  in  lbs.        Total  value.      Estimated  in  Ibg. 

1870.  1876. 

Chinese  Empire...  $4  §81,600,000  20,400,000      §92,928,000        23,232,000 

Italy  and  Pontiff. 

States 8  40,500,000  0,065,000        o9,2o0,000          7,406,000 

India 3  24,000,000  8,000,000        35,200,000        11,733,000 

France 8  25,000,000  3,125,000        31,246,800          3,003,000 

Japan  and  Corea..  4  18,100,000  4,525,000        19,800,000          4,950,000 

Hyria    and    Asia 

Minor 6  7,000,000  1,166,000           8,500,000           1,416,000 

Turkey  in  Europe  6  7,000,000  1,166,000          7,920,000          1,320,000 

Persia, Tuvkistan, 

etc 6  6,400,000  1,066,000           6,250,000           1,041,000 

Austria  and  Hun- 
gary   8  1,280,000  156,000          3,087,000             386,000 

Spain  &  Portugal  7  3,200,000  457,000          1,884,000             269,000 

Greece 6  840,000  140,000          1,087,000             181,000 

Morocco 6  300,000  50,000              300,000                50,000 

America  (proba- 
blyMexico, Bra- 
zil &  California)  6  80,000  13,000              100,000                16,000 

§215,300,000        45,333,000    §267,553,400        55,903,000 

This  table  shows  the  sources  of  the  world's  supply  of  raw  silk,  and 
the  importance,  in  money  value,  of  the  industry  to  those  countries. 
It  shows  a  much  M'ider  distribution  of  the  industry  than  is  commonly 
supposed  to  exist.  It  shows,  also,  the  almost  total  neglect  of  this  valu- 
able product  on  the  Continent  of  America ;  while  the  exhibit  of  a  pal- 
try 16,000  pounds  proves  that  somewhere  it  is  being  made,  and  there- 
fore that  a  much  more  extensive  production  is  possible.  It  shows  that 
the  long-settled  and  densely  populated  countries  are  those  that  produce 
the  greatest  quantity,  and  we  may  infer  that  a  certain  degree  of  con- 
centration and  stability  of  population  is  necessary  to  its  successful  pur- 
suit.'   The  increase  in  the  six  years  interval  between  these  tables  has 
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been  about  25  per  cent.,  that  is,  about  4  per  cent,  per  annum  during  a 
period  of  unusual  and  wide-spread  inactivity  in  business,  which  has 
lessened  the  cousumj)tion  of  silk  goods  greatly  more  than  of  any  other 
material  of  wear,  silk  being  necessarily  classed  amongst  the  luxuries, 
and  not  among  the  necessaries  of  life.  This  rate  of  supply  must  fall 
far  short  of  the  demand  when  the  increased  activity  of  all  trade  shall 
increase  the  consumption  of  silk  goods  also  in  a  like  ratio.  Hence 
the  importance  of  effort  on  the  part  of  Americans  to  add  this  product 
to  our  present  industries,  since  there  is  sure  to  be  a  large  and  increasing 
demand  for  it  within  a  few  years.  But  a  very  important  part  of  the 
fusual  supply  is  known  to  have  been  steadily  decreasing  during  the  })ast 
fifteen  or  more  years.  Italy  and  France  together  have  furnished  about 
one-fifth  of  the  whole.  In  these  countries  the  disea.ses  amongst  the 
silkworms  have  prevailed,  and  have  shortened  their  crops  continually, 
year  by  year,  as  the  following  table,  from  Secretary  Wyckoff's  work 
(page  12),  will  show  in  regard  to  Italy,  and  no  doubt  a  like  return 
from  the  French  districts  would  show  a  similar  decrease. 

Annnal  Si/k  Product  of  Italy. 

Before  the  Pebrine  disease,  3,710,0(10  kilos. 

in  1863 2,308,(H)0  "  loss,  38  per  cent. 

1864 1,731,000  "  "  53         " 

I860 1,762,000  "  "  52 

1866 l,S0O,O00  "  "  51          " 

1867 2,000,000  "  "  48 

1868 1,900,000  "  "  49 

1869 2,150,000  "  "  42         " 

1870 3,180,000  "  "  14 

1871 3,473,000  "  "  6 

1872 3,125,000  "  "  16 

1873 2,960,000  "  "  20 

1874 3,430,000  "  "  7 

1875 3,073,000  "  "  17         " 

1876 1,010,000  "  "  72         " 

1877 1,853,400  "  "  50 

1878 2,650,000  "  "  28 

The  average  annual  product  for  these  sixteen  years  was  2,400,338 
kilos,,  which  is  1,309,662  kilos,  less  than  the  annual  product  before  the 
disease  assailed  them.  This  amount,  estimated  in  pounds  avoirdupois 
(2|-  to  the  kilo.),  is  2,873,256  lbs.  This  is,  therefore,  the  deficiency 
in  Italy  alone,  and  this  large  amount  must  be  made  up  either  ])y 
increasing  the  production  in  the  Eastern  countries,  or  by  finding  in 
America  a  new  and  wide  field  for  extending  it.     The   deficiency,  in 
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tact,  is  nmeli  greater  than  this,  for  it  must  be  doiiblocl  for  France^ 
where  ihii  disease  lias  prevailed  with  even  greater  virulence;  and  more 
than  doubled,  if  we  include,  also,  the  countries  upon  the  Mediterra- 
nean to  which  it  has  spread  in  perhaps  a  less  degree.  The  existence 
of  this  disease  has  induced  a  trade  of  no  small  amount  between 
France  and  Italy,  as  purchasers,  and  Japan  (chiefly)  as  seller  of  silk- 
worms' eggs.  The  magnitude  of  this  trade  is  indicated  by  the  state- 
ment in  the  Public  Ledger  of  the  23d  Dec,  1879,  that  six  freight  car& 
tilled  with  cards  of  silkworms'  eggs  had  arrived  from  San  Francisco  at 
New  York,  on  the  way  from  Yokahama,  Japan,  to  Havre  in  France. 
The  value  is  stated  in  tiie  article  at  $850,000,  but  this  is  probably  an 
under-statement,  or  the  cargo  is  but  a  part  of  that  which  the  same 
article  promises  will  arrive  in  January.  In  the  years  1874,  1875, 
1876,  1877  similar  cargoes  passed  over  the  Pacific  Railroad,  and  were 
estimated  in  the  papers  of  each  of  those  years  at  $6,000,000,  the  num- 
bers of  the  cards  of  eggs  and  their  value  ($5.00  per  card)  being  stated. 

There  is  no  reason  why  Americans  should  j)ermit  this  trade  to  pass 
through  our  borders  without  making  an  effort  to  participate  in  its 
profits.  In  truth,  there  have  been  some  small  invoices  of  eggs  sent 
from  Kansas,  from  Alabama  and  North  Carolina.  The  expense  of 
raising  the  eggs  is  very  small,  and  the  profits  quite  large  in  proportion, 
while  the  trade  may  be  expected  to  last  for  a  good  many  years  to 
come,  since  the  French  and  Italians  have  found  advantage  in  a  con- 
stant renewal  of  their  stock. 

This  decrease  of  production  in  Europe  is  further  shown  in  the  fol- 
lowing extract  from  the  Country  Gentleman  of  October,  1879,  which 
brings  the  statement  down  to  the  present  year : 

1878.  1879. 

Silk  crop  of  Europe 7,326,000  lbs.     2,510,200  lbs.  =  i. 

"  Asia 11,541;200    "     12,221,000    "     =  slight  advance. 

Total 18,867,200    "     14,731,200    "     =  }  less. 

Resnlt.— Crop  of  1879  less  than  of  1878  by  4,000,000  lbs. 
and  less  than  the  average  of  5  years  by  3,960,000    " 

While  there  is  shown  to  be  a  lessened  supply  of  raw  silk, 
we  have  abundant  evidence  that  the  consumption  of  it  in  the 
United  States  is  continually  increasing,  and  that  steadily  so  that  some- 
thing like  a  rule  seems  to  be  exhibited  by  the  statistics  of  its  importa- 
tion. The  rate  of  increase  appears  to  be,  that  the  average  annual 
importation  doubles  every  five  years.    The  manufactiu-es  by  American 
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silk  mills  have  so  grown  in  popularity  that  the  domestic  goods  have 
succeeded  in  gaining  half  the  United  States  market  from  the  foreign 
manufacturers,  and  the  number  of  firms  engaged  in  this  work  has 
increased  at  the  rate  of  50  per  cent,  in  four  years,  as  the  following, 
from  Dr.  Brockett's  work,  shows : 

Firms  reporting  to  the  Silk  Association. 

May,  1873,  147  firms,  employing  11,713  operatives. 

"     1874,  156      "  "         10,651         " 

"     1875,  180     "  "         14,479         " 

"     1876,  213      "  "         18,017 

These  firms  have  produced  silk  goods  of  the  value  of  $25,000,000 
in  1872  to  $27,000,000  in  1876,  and  have  gained  upon  the  foreign 
importations  at  the  following  yearly  rates  : 


Calendar 

Home 

United  States 

Proportion 

Year. 

I'roduction. 

Importation. 

Consumption. 

per  cent. 

1872 

$25,073,201 

+ 

$32,677,749     = 

=     857,750,950 

43-4 

187S 

19,894,874 

+ 

24,379,322 

44,274,196 

44-6 

1874 

20,082,482 

_i_ 

23,292,551     = 

^       43,375,033 

46-3 

1875 

27,158,071 

-- 

23,108,118     = 

=      50,326,189 

53-9 

187G 

20,593,163 

-r 

21,192,386      - 

^      47,785,549 

56-4 

1877 

+ 

19,922,741     - 

= 

1878 

+ 

20,042,730     = 

= 

When  the  values  of  home  production  for  the  years  1877  and  1878 
are  ascertained  it  will  be  found  that  the  proportion  to  the  amount 
imported  has  not  lessened,  although  the  total  of  consumption  will 
probably  be  less,  in  accordance  with  the  continued  depression  of  gen- 
eral business  in  those  years.  The  table  bears  out  the  assertion  that 
our  silk  mills  are  gaining  possession  of  our  home  market,  and  that  by 
not  slow  steps. 

Previous  to  1850  the  number  of  firms  engaged  in  importing  and 
nianufacturino-  raw  silk  were  so  few  and  the  amount  so  insignificant 
that  no  separate  account  was  taken  at  Washington  of  the  importations, 
nor  was  the  quantity  of  raw  silk  noted  until  the  end  of  the  fiscal  year 
(June  30th)  1864.  The  business  of  manufacturing  rises  into  impor- 
tance only  after  1850,  when  the  success  attained  by  Mr.  John  Ryle, 
at  Paterson,  N.  J.,  had  attracted  others  to  engage  in  the  business.  It 
should  not  be  forgotten  by  those  who  think  the  "  Morus  Multicaulis 
Mania  "  was  all  lo.ss  to  the  country,  that  out  of  it  arose  the  thirty  (now 
perhaps  fifty)  firms  at  Paterson,  and  the  city  itself,  with   (probably) 
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60,000  inhal)itants.  John  Rylc  and  Wni.  H.  Hor.stniann  were  lM-ouji:ht 
over  from  the  English  .silk  mills  in  whieh  thev  were  employed,  by 
reports  of  the  great  amount  of  silk  that  wa.s  being  produced  in  the 
United  States.  They  both  established  the  large  firms  of  which  they 
were  the  heads,  the  one  in  Paterson,  the  other  in  Philadel])hia.  These 
were  the  outcome  of  Samuel  Whitmarsh's  failure.  They  were  both 
employees  of  the  great  "  King  of  Multicaulis,"  as  AVhitmarsh  was 
called. 

The  growth  of  the  silk  business  is  best  shown  by  reducing  the  exten- 
sive tables  (from  Washington)  found  in  Dr.  Brockett's  work  to  aver- 
ages for  the  half  decades  : 

Fiscal  years  Average  Total  ralup 

(inclusive).  Ko.  lbs.  for  5  years.  Annual  cost. 

1851  to  1855 not  stated  $3,467,384  av.   $693,477 

1856  to  1860 not  .stated  6,347,425  av.  1,269,485 

1861  to  1865 av.     348,978  6,503,365  av.  1,300,673 

1866  to  1870 av.     575,524  12,555,337  av.  2,511,067 

1871  to  1875 av.  1,044,005  27,789,815  av.  5,557,963 

During  the  five  years,  1860  to  1865,  the  civil  war  lessened  the  rate 
of  increa.se,  but  did  not  break  up  the  business,  nor  even  prevent  a 
slight  increase  of  the  importation.  In  the  second  five  the  amount  was 
nearly  doubled,  in  the  third  stationary  (on  account  of  the  war),  in 
the  fourth  almost  double  again,  and  in  the  fifth  more  than  doubled. 
We  might  fairly  expect  to  find  the  annual  amount  stationary  again 
during  the  period  from  1875  to  1880,  but  the  promise  thus  far  is  of  a 
large  increase,  and  perhaps  with  the  sudden  incrca.se  in  all  other  busiuss 
this  also  may  .show  a  continuance  of  its  rate  of  doubling,  when  the 
returns  for  1880  are  ascertained.  For  three  years  of  the  period  we 
have  the  following : 

Fiscal  year.  No.  lbs.  Annual  cost. 

1876,  .       '.  -1,144,860     $11,874,570 

1877,  .       .     1,007,504       8,456,341 

1878,  .       .  1,590,633       6,807,725 

The  la.st  yeiir  showing  a  very  large  increase  in  the  quantity  imported, 
while  the  year  1876  was  an  exceptional  year  as  to  price,  which  rose  to 
more  than  double  its  usual  value,  and  to  an  average  for  the  year  of 
$10.37  per  pound  as  against  the  usual  average  of  about  $5.00  (plus 
importer's  charges). 

It  may  he  gathered  from  these  statistics  that  there  is  in  tlie  United 
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States  an  established,  settled  business  in  silk  manufacturing ;  that  it 
employs  at  least  200  firms  and  some  20,000  operatives,  who  consume 
more  than  1,000,000  pounds  of  raw  silk,  for  which  more  than 
$5,000,000  have  been  annually  sent  out  of  the  United  States,  and  that 
the  annual  export  of  gold  for  this  raw  material  will  soon  reach 
$10,000,000,  and  probably  in  the  near  future  $20,000,000.  All  this 
may  be  readily  produced  in  our  own  country,  and  a  large  part  of  it  in 
the  State  of  Pennsylvania,  which  in  1844  produced  some  of  the  best 
silk  then  used  by  Mr.  John  Kyle's  "  Murray  Mills,"  in  Paterson.  It 
needs  but  a  discreet  following  of  the  example  set  us  by  the  English 
Society  to  encourage  in  every  practicable  way  the  raising  and  reeling 
of  silk  as  "  a  cottage  culture  "  and  a  country  production.  An  associa- 
tion, whose  headquarters  should  be  in  Pliiladelphia,  would  be  able  to 
institute,  and  then  foster  and  encourage,  the  industry  in  all  parts  of 
the  country.  It  would  distribute  trees,  eggs  and  apparatus  to  every 
favorable  locality ;  it  would  gather  up  the  cocoons  for  reeling  and  the 
reeled  silk  itself  from  all  ])arts  of  the  country ;  it  would  be  able  to 
sort  and  sell  at  wholesale  to  the  consumers  the  quantities  and  qualities 
suitable  for  their  business;  it  would  so  reguhite  the  entire  business  as 
to  prevent  the  recurrence  of  mad  speculation  by  which  alone  the  pros- 
pects of  establishing  the  rich  industry  were  dashed  in  1840;  it  would 
enable  as  to  see  fulfilled  the  first  part  of  M.  D'Homergue's  predic- 
tion, as  we  already  see  by  the  tables  that  the  second  part  has  been 
fulfilled.  The  United  States  have  become  a  rich  silk  manufacturing 
country ;  it  remains  for  us  to  make  her  a  rich  silk  growing  country. 
December  26th,  1879. 

A  STATEME^^T  COXCERNING  THE  RELATION  OF  THE 
LAWFUL  STANDARDS  OF  MEASURE  OF  THE  UNITED 
STATKS  TO  THOSE  of  GREAT  BRITAIN  and  FRANCE. 


By    J.    E.    HiLGARD, 

Assistant  I'nited  States  Coast  and  Geodetic  Survev. 


United  States  Coast  and  Geodetic  Survey  Office, 

Washington,  D.  C,  July  8,  1879. 

Sir  :   I  submit  the  following  statement  in  relation  to  the  American, 

British  ^and  French  standards  of  measure,  conceived  in  a  brief  and 

categorical  form,  in  order  to  explain  statements  heretofore  made  from 

this  office,  as  well  as  to  give  trustworthy  data  for  books  of  instruction. 
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^  It  is  (ksinil)lc,  t"or  the  sake  of  pcrsiiiciiity,  tliiit  tlic  follow  iiiu  ])riii- 
cipnl  .statements  sliould  be  made: 

Lst.  There  is  no  difference  between  the  standards  of  weight  of  Great 
Britain  and  tiiose  of  the  United  States. 

2d.  The  standards  of  volnme  in  tlie  United  .'^tati-s  aic  the  same  as 
those  lawful  in  Great  Britain  prior  to  182G. 

3tl.  There  is  no  difference  between  the  standards  of  length  of  Great 
Britain  and  those  of  the  United  States. 

4th.  The  relation  of  tlie  American  and  British  standards  to  the 
French  metric  standards  is  not  determined  wuth  extreme  precision,  but 
the  legal  enactments  [see  Annex  I]  will  suffice  for  all  jiurposes,  except 
those  of  great  scientific  accuracy. 

Measure  of  Weight. 

In  regard  to  the  standards  of  measure  in  customary  u.se  in  the  United 
States,  it  should  be  observed  that  they  have  been  inherited  by  our 
ancestors  from  England  together  with  the  .common  law.  No  enact- 
ment  by  Congress  has  ever  been  made  declaring  particular  measures  in 
the  keeping  of  the  government  as  standards,  except  the  standard  troy 
pound  of  the  Mint  of  the  United  States  at  Philadelphia,  which  is  an 
exact  copy  of  the  Imperial  troy  pound  of  Great  Britain  procured  in 
1827. 

Elaborate  comparisons,  made  at  various  times  from  the  year  1855 
up  to  the  present  date,  of  this  troy  pound,  containing  5760  grains, 
and  of  the  commercial  or  avoirdupois  pound,  containing  7000  grains, 
derived  from  the  former,  with  copies  of  similar  weights  derived  from 
the  standard  pound  of  Great  Britain,  have  shown  that  there  is  not  so 
much  as  one-thousandth  of  a  grain  outstanding  between  the  money 
standards  of  tlie  two  countries. 

Measure  of  Capacity. 
Of  the  measures  of  capacity,  w^hich  are  not  measures  of  great  pre- 
cision, it  is  only  necessary  to  say  that  the  old  British  wane  gallon  of 
231  cubic  inches,  and  the  old  Winchester  bushel,  containing  2150'5 
cubic  inches,  are  the  recognized  standards  in  the  United  States,  as  they 
were  the  hiwful  standards  before  the  separation  of  the  colonies  from 
(Treat  Britain,  no  subsequent  enactment  having  been  made. 

Measure  of  Lexgth. 
The  measure  of  lengtli,  which  is  the  yard  of  36  inches,  is  legally  in 
the  same  condition  as  the  measures  of  capacity.     The  standard  yard  of 
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Great  Britain  was  lawful  in  the  colonies  before  1776.  By  the  Consti- 
tution of  the  United  States  the  Congress  is  charged  with  fixing  the 
standard  of  weights  and  measures  (Art,  I,  Sec.  8) ;  but  no  such  enact- 
ment has  ever  been  made  by  Congress,  and  therefore  that  yard  which 
Avas  standard  in  England  previous  to  1776  remains  the  standard  yard 
of  the  United  States  to  this  day — the  same  being  also  true  of  the  com- 
mercial or  "  avoirdupois "  jiound,  and  of  the  gallon  and  bushel,  as 
above  stated. 

It  must  not  be  supposed  that  this  is  a  matter  which,  in  view  of  the 
great  questions  of  public  policy  engrossing  the  attention  of  Congress 
in  early  veal's,  had  remained  without  due  consideration.  The  journals 
of  both  houses  of  Congre&s  sliow  that  committees  Avere  early  appointed 
for  the  consideration  of  the  subject.  A  Senate  committee  reported  on 
March  1,  1791,  that  "it  would  not  be  eligible  at  present  to  introduce 
any  alteration  in  the  measures  and  weights  which  are  now  used  in  the 
United  States."  Other  reports  were  made  from  time  to  time,  and  in 
January,  1820,  a  committee  of  the  House  of  Representatives  presented 
their  conclusions,  which  were :  "  That  little  should  be  done;  that  stan- 
dards conformed  to  those  in  most  common  use  among  us  should  be  accu- 
rately made  and  carefully  preserved  at  the  seat  of  government ;  that 
correct  models  should  be  placed  in  different  districts  of  the  country ; 
and  that  the  proportions  and  relations  between  these  should  be  ascer- 
tained." 

Again,  on  March  11, 1822,  a  committee  rci)ort  was  submitted  to  the 
same  body,  making  recommendations  for  rendering  "  uniform  and 
stable  the  measures  and  weights  which  we  at  present  possess." 

Thus,  after  full  consideration  for  thirty  years,  it  was  agreed  that  the 
matter  was  in  a  satisfactory  shape,  in  virtue  of  our  inheritance  and 
traditions,  and  that  no  legislation  was  advisable. 

Finally,  in  1836,  an  act  was  passed  directing  the  Secretary  of  the 
Treasury  to  cause  copies  of  the  weights  and  measures  adopted  by  the 
Department  as  standards,  for  the  use  of  custom-houses,  to  be  supplied 
to  each  State,  "  to  the  end  that  a  uniform  standard  of  weights  and 
measures  may  be  established  throughout  the  United  States."  The 
standards  so  "adopted"  were  those  of  Great  Britain,  as  before  described. 

The  actual  standard  of  length  used  was  a  bronze  scale  of  82  inches, 
subdivided  on  silver  to  tenths  of  inches,  which  had  been  prepared  for 
the  Coast  Survey  of  the  United  States  by  Troughton,  of  London.  The 
36  inches  comprised  between  the  27th  and  63d  inches,  found  equal  to 
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the  average  of  tlic  whole  scale,  were  taken  as  the  standard  yard,  an<l 
the  temperature  at  which  this  was  considered  to  be  a  standard,  that  is 
to  say,  equal  to  the  British  Standard  Yard,  wa.s  presumed  to  be  62° 
Fahr.  It  had,  however,  never  been  directly  compared  with  that  stan- 
dard, but  Avas  simply  coj)ied  from  Troughton's  own  scale  without  sub- 
sequent verification. 

In  England,  the  old  standard  yard,  known  as  Bird's  Standard  of 
1760,  had  in  the  meantime  been  found  to  be  inadequate  in  definition 
for  the  increasing  requirements  of  science,  and  a  new  set  of  standards 
of  length,  weight  and  capacity  was  constructed  between  1816  and  1826 
of  such  finished  workmanship  and  precise  definition  as  was  required 
by  the  science  of  the  time,  and  every  eifort  Avas  made  to  reprotluce, 
with  the  greatest  possible  exactness,  the  old  standard  pound  and  yard. 

Not  long  after  this  imj)ortant  work  had  been  accomjjlished,  the 
standards  so  constructed  were  destroyed  by  the  burning  of  the  Parlia- 
ment buildings  in  1834.  They  have  since  been  reproduced  by  refer- 
ence to  all  of  the  former  accredited  standards  with  which  they  i  ad 
been  originally  compared,  and  are  now  known  as  the  "  Imperial  Stan- 
<lards."  Some  fifty  co])ies  of  these  standards  Avere  constructed  and 
intercompared,  and  certain  of  these  have  been  sent  to  the  United  States. 
The  avoirdu})ois  pound  of  7000  grains  is  found  to  agree  within  one- 
thousandth  of  a  grain  with  the  avoirdupois  pound  of  the  United  States, 
derived  from  the  Mint-pound  heretofore  mentioned — an  agreement 
which  leaves  no  question  outstanding  as  to  the  identity  of  the  units  of 
weight  of  Great  Britain  and  the  United  States. 

The  comparison  of  the  Troughton  scale  heretofore  mentioned  with 
the  Bronze  Standard  Yard,  No.  41,  received  from  Great  Britain  in 
1856,  shows  the  former  to  be  longer  by  nearly  one-thousanth  of  an 
inch  in  the  yard,  or,  more  precisely,  0*00085  inch.  By  very  recent 
comparisons,  however,  made  by  myself  at  the  British  Standards  Office 
between  the  standard  Imperial  yard  and  Bronze,  No.  11,  the  latter  was 
found  to  be  0-000088  inch  shorter  than  the  former,  which  may  be 
stated  in  the  form  that  it  is  of  standard  length  at  a  temperature  of 
62-25°  Fahr.  Hence  we  infer  that  at  62°  the  Trouo-hton  scale  is  too 
long  by  0'00076  inch,  or  that  it  is  standard  at  59*8  Fahr.,  instead  of 
62°,  as  formerly  assumed ;  and  this  correction  will  apply  to  all  meas- 
ures that  have  been  derived  from  it.  This  change,  although  sensible 
in  operations  of  extreme  scientific  precision,  is  really  of  no  consequence 
in  ordinary  practice,  as  it  amounts  only  to  the  1 :  45,000th  part  of  the 
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whole  length — a  degree  of  accuracy  which  is  seldom  required.  The 
correction  does  not  exceed  the  thickness  of  one  of  the  lines  that  define 
the  yards  supplied  to  the  States. 

Extreme  accuracy  in  this  matter  is  beset  with  great  ditiiculties,  for 
in  addition  that  of  ascertaining  for  each  particular  bar  the  rate  of  dila- 
tation by  temperature,  there  is  an  uncertainty  in  regard  to  permanence 
in  the  length  of  the  bars  themselves.  Of  the  two  standard  yards  pre- 
sented to  the  United  States,  one  is  of  bronze  (Xo.  11),  and  the  other 
of  Low  Moor  wrought  iron  (No.  57).  These  are  found  to  have  changed 
their  relative  length  by  0'00025  inch  in  twenty-five  years ;  the  bronze 
bar  being  noAv  relatively  shorter  by  that  amount.  This  subject  is 
undergoing  further  investigation. 

Relation  of  Yard  to  Metre. 

Statements  in  regard  to  this  relation  have  varied  excessively,  com- 
parison between  the  two  standards  being  subject  to  two  great  difficul- 
ties:  first,  their  different  nature  and  definition,  and  second,  their  incom- 
mensurability in  length.  The  metre  is  a  platinum  bar,  cut  to  length 
(an  end-measure),  and  standard  at  the  temi)erature  of  melting  ice  (82° 
Fahr.)  The  length  of  the  yard  is  defined  l)y  lines  drawn  on  a  bronze 
bar,  standard  at  a  temperature  of  62°  Fahr.  The  difficulty  of  making 
accurate  comparisons  of  lengths  so  differently  defined  is  at  once  appa- 
rent ;  moreover,  as  their  relative  length  is  sucii  that  the  metre  is  some- 
thing longer  than  39'37  inches,  it  is  necessary  first  to  derive  the  latter 
length  from  the  yard  of  36  inches  by  minute  subdivision  into  a  scale 
of  equal  parts,  and  the  addition  of  the  odd  amount,  a  process  which 
involves  so  many  successive  operations  that  the  probable  error  of  the 
result  is  largely  increased  by  an  accumulation  of  uncertainties. 

From  these  circumstances  have  ai'isen  the  differences  in  statements 
of  the  length  of  a  metre  expressed  in  inches.  One  of  the  earliest  trust- 
worthy comparisons  was  that  made  by  Kater,  giving  the  value,  gene- 
rally quoted,  of  39"37079  inches.  This  comparison  was  made  with  one 
of  the  earlier  British  standards.  A  more  recent  determination  is  that 
made  by  Clarke,  at  the  office  of  the  British  Ordnance  Survey,  between  a 
number  of  the  new  British  standards  and  several  well-accredited  coi)ies 
of  the  metre,  which  give,  very  accordantly,  a  value  of  39"37043  inches. 
It  appeal's  that  in  the  latter  observations  the  coefficients  of  expansion 
of  the  bars  used  were  more  accurately  ascertained  than  in  the  former, 
and  as  between  these  two  values  the  latter  probably  deserves  the  pref- 
erence. 
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It  must  be  oKserved,  that  sinro  Ijotli  yard  and  metre  are  material 
thing.s,  no  legislative  declaration  in  regard  to  their  relative  value  can 
have  any  force  other  than  to  define  what  shall  be  considered  lawful 
equivalents.  This  circumstance  being  recognized,  when  the  metric 
standards  were  made  optional  in  the  United  States,  Congress,  instead 
of  stating  the  equivalents  with  excessive  minuteness,  as  was  done  in 
Great  Britain,  merely  defined  the  relation  which  shall  be  held  lawful, 
to  a  degree  of  precision  sufficient  for  practical  purposes ;  thus  we  find 
in  the  table  annexed  that  the  lawful  equivalent  of  a  metre  is  39-37 
inches. 

In  the  United  States,  Professor  Hassler,  first  Superintendent  of  the 
Coast  Survey,  made  very  careful  comj)arisons  between  one  of  the  origi- 
nal metres  and  the  Troughton  82-inch  scale.  The  records  of  his 
experiments  are  not  now  extant,  having  been  destroyed  })y  fire  in  1843, 
but  he  ha,s  published  his  results,  viz. :  One  metre  =  39-38092  inches 
of  the  bronze  yard,  reduced  to  32°  Fahr.  He  made  use  of  a  coefficient 
of  expansion  resulting  from  some  experiments  made  by  himself  upon 
a  brass  wire,  which  value  is  much  too  large ;  but  we  cannot  now  cor- 
rect his  reduction,  becaiLse  we  do  not  know  the  actual  temperatures  of 
comparison.  Using  Mr.  Hassler's  rate  of  expansion,  viz.,  0*0003783 
inch  in  one  yard,  for  1°  Fahr.,  and  reducing  his  result  to  the  standard 
temperature  of  the  yard  (62°  Fahr.),  his  successor.  Professor  Bache, 
found  the  value  of  the  metre  to  be  39-36851  inches  of  the  Troughton 
scale,  then  the  only  accredited  standard  in  our  possession.  When, 
howev'er,  we  apply  to  the  latter  the  correction  of  0-00076  inch  in  a  yard, 
found  as  above  stated,  and  ascribe  to  it  the  rate  of  expansion  of  other 
bronze  alloys — for  instance,  that  found  by  Airy,  from  Sheepshank's 
observations,  for  the  bronze  of  which  the  new  Imperial  standards  are 
made,  viz.,  -000342  inch  per  yard — we  find  one  metre  =  39-37054 
inches,  as  follows  : 

Hassler's  value  of  metre,  reduced  to  62°     .  .  39-36851 

Correction  for  diiferenee  in  rate  of  expansion,    .  .       +   0-00119 

Correction  for  excess  of  Troughton  scale  in  one  metre,         -f   0-00084 


Hassler's  comparisons,  corrected  reduction,  .  39-37054 

a  value  which  differs  very  little  from  that  obtained  by  Clarke,  although 
it  cannot  be  claimed  to  posse&s  the  same  degree  of  trustworthiness.  In 
fact,  if  we  substitute  in  the  above  reduction  the  rate  of  expansion  for 
the  bronze  of  the  British  standards  recently  determined  by  Fizeau,  viz., 
0-000351  inch  per  yard,  we  shall  get  39-37023. 
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The  value  39'3685  inches,  derived,  as  above  mentioned,  from  Mr. 
Hassler's  comparisons,  was  used  in  the  Coast  Survey  for  stating  the 
equivalents  in  yards  of  distances  known  in  metres,  and  it  hjis  been  so 
employed,  as  stated  in  the  respective  places,  in  various  lists  of  geo- 
graphical positions  and  tables  for  projections  in  the  Coast  Survey 
Reports,  from  1851  to  1868.  Since  that  time  it  has  been  deemed 
advisable  to  employ  the  value  obtained  by  Clarke,  viz.,  39"3704  inches. 
The  conversion  is  readily  made  with  very  sufficient  accuracy,  by 
increa.sing  the  distances  in  yards  by  their  1  :  20,000th  part.  A  table 
of  equivalents  is  given  below  (Annex  II). 

It  is  not  practicable  to  attain  greater  precision  in  comparison  until 
after  the  completion  of  the  new  international  metres  now  in  course  of 
construction  at  the  International  Bureau  of  Weights  and  Measures  in 
Paris.  When  the  construction  of  tliese  shall  have  been  perfected,  and 
when  they  .«;hall  have  been  thoroughly  intercompared,  it  will  be  u.scful 
once  more  to  attempt  to  arrive  at  a  <'loser  comparison  of  the  yard  and 
metre  than  we  now  possess. 

In  oriler  to  make  such  a  comparison  with  the  least  number  of  suc- 
cessive operations,  I  have  devised  the  following  scheme  :  Divide  a 
yard  into  four  parts  by  successive  bisections ;  dividing  again  the  sum 
of  three  of  these  parts  into  eight  ecpial  parts  by  successive  bisections, 
one  of  these  eighths  added  to  the  yard  will  give  the  length  of  the  metre 
with  a  degree  of  precision  readily  within  the  reach  of  the  comparator  ; 
that  is  to  say,  the  length  will  be  39"375  inches.  Two  bars  correspond- 
ingly divided  have  been  prepared  for  this  ]>urpose,  and  intercomparison 
is  in  progress.  Very  respectfully,  J.  E.  Hilgard, 

Assistant  Coast  and  G-eodetic  Survey 
in  charge  of  Verification  of  Standards. 
To  Caklij^e  p.  Patterson,  Superintendent. 


Annex  I. 

An  act  to  authorize  tlie  use  of  the  metric  system  of  weights  and  measures. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  in  Congress  assembled,  That  from  and  after  the  passage  of  this 
act  it  shall  be  lawful  throughout  the  United  States  of  America  to 
employ  the  weights  and  measures  of  the  metric  system,  and  no  contract 
or  dealing,  or  pleading  in  any  court,  shall  be  deemed  invalid  or  liable 
to  objection  because  the  weights  or  measures  expressed  or  referred  to 
therein  are  weights  or  measures  of  the  metric  system. 

Sec.  2.  And  be  it  further  enacted,  That  the  tables  in  the  schedule 
heretofore  annexed  shall  be  recognized  in  the  construction  of  contracts, 
and  in  all  legal  proceedings,  as  establishing,  in  terms  of  the  weights 
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feet  1  inch. 

398-7 

inches. 

39-37 

inches. 

3-937 

inches. 

0-3937 

inch. 

()-()394 

inch. 
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and  iiicjisuros  now  hi  usei  ii  the  I'^nitcd  States,  the  equivalents  of"  the 
weights  and  niea.<ures  expre.ssed  tlierein  in  terms  of  tlie  nietrie  .system; 
and  said  tables  may  be  lawfully  used  for  eomputinj^,  determinii  -  and 
expressing  in  customary  weights  and  measures  the  weights  and  ca.s- 
iires  of  the  metric  system. 

Medftnres  of  Lcm/fli. 

Metric  (Icnoiiiiiiiiliiiiis  iinil  values.  i:i|iiivaloiil.s  in  (Iciioniiiiatioiif  in  »*>•. 

Myiianietie 10,000  metres.  02137    miles. 

Kilometre 1,000  metres.  0-62137  mile,  or  3280  feet  10  indies. 

Hect(mietre 100  metres. 

DeUamctre 10  metres. 

Metre 1  metre. 

Decimetre I-IO  of  a  metre. 

Centimetre l-lOO  of  a  metre. 

Millimetre I-IOOO  of  a  metre. 

Pleasures  of  Surfae<\ 

Metric  Jenoniinations  and  values.  KquivuUMits  in  denoniinations  in  Ufe. 

Hectare 10,000  s(|iiare  metres.  2-471  acres. 

Are 100  square  metres.  119"6      square  yards. 

Centare 1  square  metre.  looO         s((nare  inches. 

Measures  of  Capacity. 

Metric  ilenonii nations  and  values.  Equivalents  in  denoniinatluns  in  use. 

Xanics.        No.  of  litres.  Culjic  measure.  Dry  measure.  Liquid  or  wine  measure. 

Kilolitre  or  stere 1000 1  cubic  metre 1308  cubic  yaids 2(J4'17      gallons. 

Hectolitre 100 1-10  of  a  cubic  metre 2        busli.and  S-:!.*)  pecks  ...     21,417   };alln!is. 

Dekalitre 10 10  cubic  decimetres !ll)8     quarts 2G417  jialluns. 

Litre 1  1  cubic  decimetre O'JOS  ijuart 10.")(i7  quarts. 

Decilitre 1-10 1-10  of  a  cubic  decimetre..  0-1O22  cubic  inches (i-S4o  pill. 

Centilitre 1-100 10  cubic  centimetres 0<)102  cubic  inch 0:!:i8  fluid  ounce. 

Millilitre I-IOUO 1  cubic  centimetre 0-001    cubic  inch 027    tluid  dram. 

Weights . 

Equivalents  in 
.Metric  denominations  and  values.  denominations  in  use- 

Weight  of  what  quantity  of  water 
Names.  \o.  of  grams.  at  ma.ximum  density.  Avoirdupois  weight. 

Millier  or  tonneau 1,000,000         1  cubic  metre 2204-G        pounds. 

Quintal 100,000         1  hectolitre 220-4(5      pounds. 

Myriasram 10,000       10  litres 22-046    pounds. 

Kilogram  or  kilo •  1,000         1  litre 2-2046  pounds. 

Hectogram 100         1  decilitre 3-5274  ounces. 

Dekagram 10       10  cubic  centimetres 0-3-')27  ounce. 

Gram 1         1  cubic  centimetre 15-432    grains. 

Decigram 1-10    1-10  of  a  cul)ic  centimetre 1-5432  grains. 

Centigram 1-100       10  cubic  millimetres 0-1543  grain. 

Milligram 1-10()I»         1  ciibic  millimetre 0-0154  grain. 

.\piiriived  July  27,  ISOO. 

Annex  II. 

Comparison  of  Yards  and  Metres. 
1  metre  =  1-093623  yards  rrz  89-37043  inches. 
Metres.  Yards.         Yards.  Metres. 

1 1-093623         1 0-914392 

2 2-1   7246         2 1-82S784 

3 • 3-2S0S69         3 2-743175 

4 4-374492        4 3-657567 

5 5-468116        5 4-571959 

6 6-561739         6 5-486351 

7 7-655362         7 6-400743 

8 8-748985        8 7-315134 

9 9-842608         y 8-229526 
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Franklin    Institute, 


Hall  of  the  Institute,  Jan.  21st,  1880. 

The  stated  meeting  Avas  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  198  members  and  68  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  ^Managers,  and 
announced  that  ten  persons  were  elected  members  of  the  Institute  at 
their  last  meeting. 

The  Secretary  reported  the  following  donations  to  the  I^ibrarv : 

Report  of  Proceedings  of  the  Second  International  ^Meteorological 
Congress  at  Rome.     1879. 

From  the  Meteorolog.  Com.  Royal  Society. 

Annual  Report  of  the  Comptroller  of  Currency.     Dec.  1,  1879. 

From  J.  J.  Knox. 

On  the  Coincidence  of  the  Bright  Lines  of  the  Oxygen  Spectrum 
with  Bright  Lines  in  the  Solar  Spectrum.  By  Henry  Draper. 

On  Photographing  the  Spectra  of  the  Stars  and  Planets.  By  Henry 
Draper.  From  the  Author. 

Third  Annual  Report  of  the  Department  of  Public  Works  of 
Chicago  for  1878.  From  D.  S.  Mead. 

Annual  Report  of  the  Provost  of  the  Peabody  Institute  of  Balti- 
more for  1879.  From  the  Institute. 

Annual  Report  of  the  Secretary  of  War  for  1879. 

From  the  War  Department. 

Annual  Report  of  New  York  Meteorolog.  Observatory  for  1878» 

From  D.  Draper. 

Journal  of  the  Royal  Geographical  Society,  Vol.  48. 

From  the  Society. 

Beitrage  zur  Anatomic  u.  Physiologie  der  Piilmonaten. 

From  Dr.  Otto  Nusslin. 

Programm  der  Grossherzoglich  Badischen  Polytechnischen  Schule 
zu  Karlsruhe.  From  the  School. 

Whole  No.  Vol.  CIX, — (Third  Series,  Vol,  Ixxix.)  10 
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List  of  Yertcbrated  Animals  now  or  lately  Living  in  the  Gardens 
ol"  the  Zoological  Society  of  London.     Seventh  Editicjii.     1879. 

From  the  Society. 

Memoirs  of  the  Geolog.  Survey  of  India.     Vol.  16,  Part  1. 
Memoirs  of  the  Geolog.  Survey  of  India.     Pakeontologia  Indica. 
Ser.  2,  Vol.  1,  Part4.     Ser.  13,  Part  1. 

From  the  Geological  Survey  of  India. 

Received  fi'om  liobert  Grimshaw,  Ph.  I).,  1445  Circulars,  824 
unbound  and  21  bound  volumes  of  Catalogues,  etc.,  of  French  and 
American  Exhibitions. 

Transactions  of  the  American  Institute  of  Mining  Engineers. 
Vol.  7.  From  the  Institute. 

Report  of  the  Commissioner  of  Fish  and  Fisheries  for  1877. 

From  the  Smithsonian  Institution. 

Report  of  the  I  ourteenth  Industrial  Exhibition  of  the  Mechanics' 
Institute  of  San  Francisco  for  1879.  From  the  Institute. 

Exposition  Universelle  de  Paris  Catalogue  Illustr^  de  Machines 
pour  Travailler  le  Bois.     Par  A.  Ransome  &  Co.     1878. 

Catalogue  of  Disston  &  Sons  File  Company,  Philadelphia.     1876. 

From  R.  Grimshaw,  Ph.D. 

Erster  Jahresbericht  der  Geographischen  Gesellscliaft  zu  Hannover. 
1879.  From  the  Society. 

Geolog.  Survey  of  Japan.  Reports  of  Progress  for  1878  and  1879. 
By  B.  S.  Lyman.  From  the  Survey,  Tokei. 

Fourth  Annual  Report  of  the  American  Railway  Master  Mechanics' 
Association.     1871.  From  the  Association 

American  Ephemeris  and  Nautical  Almanac  for  1882.  First 
Edition. 

Narrative  of  the  Second  Arctic  Expedition  made  by  C.  F.  Hall. 
By  J.  E.  Nourse.  From  the  Navy  Department. 

The  Queenslandei'.     An  Australian  Weekly.     1877—1879. 

From  Hector  Oyy. 
The  President  read  the  following 

Annual  Report  of  the  Board  of  Managers. 

The  Board  of  Managers  of  the  Franklin  Institute  respectfully  sub- 
mit to  the  Annual  Meeting  the  following  report  of  the  transactions  of 
the  Institute  during  the  year  1879  : 

Members, — During  the  year  125  persons  were  elected  members  of 
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the  Institute,  33  have  resigned,  and  there  are  now  on  our  books  tlie 
names  of  1434  members  in  good  standing.  Of  those  members  whose 
loss  by  death  we  have  been  called  upon  to  notice  particularly  the  Board 
will  mention  Mr.  J.  B.  Knight,  Secretary ;  Mr.  Charles  S.  Close,  Vice- 
President  ;  Dr.  Isaac  Hayes,  jSIr.  Henry  C.  Carey,  j\Ir.  Wm.  Adam- 
son  and  Mr.  John  Wise. 

D'easiirers'  Report. — The  following  is  a  summary  of  the  Treasurer's 
report  for  the  year  1879  : 

Receipts. 

Balance  on  hand  Jan.  1,  1879,        .  .     $3,018.17 

Bloomfield  Moore  Trust  Fund,  .  10,000.00 

Investments  paid  off,      .  .  .       8,000.00 

Receipts  froni  all  other  sources,  .  11,755.45 

$32,773.62 


Payments. 

Five  per  cent.  Building  Loan,  and  Interest,  .  $1,121.25 

Re-invested,            .                 .                 .  17,958.75 

All  other  payments,        .                 .                 .  12,287.77 

Balance  on  hand  Dec.  31,  1879,               .  1,405.85 


2,773.62 

This  statement  shows  a  reduction  in  tlie  money  and  investments  of 
the  Institute  by  the  operations  of  the  year  of  $532.32.  If,  liowever, 
we  take  into  account  the  improvement  of  the  Library  and  building, 
the  balance  would  be  the  other  way. 

Journal. — The  Jourxal  of  the  Institute  has  continued  under  the 
direction  of  the  Committee  on  Publication  and  the  Secretaiy.  This 
system,  while  it  requires  the  unpaid-for  labors  of  the  members  of  the 
Committee,  has  otherwise  worked  Avell.  During  the  past  year,  owing, 
as  far  as  we  know,  to  the  excellence  of  the  matter  published,  exchanges 
of  the  Journal  have  been  requested  by  both  national  and  local  scien- 
tific bodies  in  Europe,  and  the  exchange  list  now  embraces  161  scien- 
tific and  technological  periodicals,  which  are  deposited  in  the  Library 
for  the  use  of  members,  and  are  duly  bound  for  reference  hereafter. 

Drawing  School. — The  attendance  upon  the  Drawing  School  has 
been  larger  than  usual. 

In  the  early  part  of  last  summer  the  Board  arranged  with  the  Penn- 
sylvania Museum  and  School  of  Industrial  Art  to  combine  their  efforts 
in  this  direction,  and  consequently  the  drawing  school  of  that  organi- 
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zation  is  now  in  satisfactory  operation,  under  onr  roof,  to  mutual 
advantage. 

To  obtain  tlie  room  necessary  for  this  |)ur])0se,  tlie  mcxlels  have 
been  distributed  over  the  buihling  where  they  can  be  seen  to  most 
advantage,  and  the^  Cabinet  of  Minerals  has  been  deposited  with  the 
Academy  of  Natural^Sciences,  subject  to  recall  at  any  time. 

In  making  this  arrangement  the  Board  was  aware  that  the  Franklin 
Institute  contributed  a  larger  })roportion  to  the  common  effort  than  its 
proportion  of  the  benefits  resulting  therefrom.  ]5ut  the  Managers 
looked  to  the  objects  for  which  the  Institute  was  erected,  and  desired 
to  promote  them  in  every  way  for  the  benefit  of  the  citizens  of  IMiil- 
adelphia. 

The  result  proves  the  advantages  of  combination,  and  it  may  be 
profitably  studied  by  other  organizations  whose  special  objects  are 
embraced  in  our  own. 

Library. — The  improvements  of  the  Library  have  been  continued 
during  the  year.  The  'report  of  the  Committee  on  the  Library  will 
present  the  details.  During  the  last  five  years  that  committee  has 
made  a  sustained  effort,  with  the  sums  placed  at  its  disposal,  to  bring 
up  the  Library  to  a  condition  adequate  to  satisfy  the  wants  of  the 
members ;  and  although  this  state  has  not  yet  been  reached,  the  Board 
esteem  the  progress  already  made  as  a  matter  of  congratulation.  The 
generous  donation  of  $10,000,  which  established  the  Bloomfield  Moore 
trust,  will  ensure,  the  result  desired. 

Lecturer. — During  the  early  part  of  the  year  Prof.  Elihu  Thom- 
son delivered  five  lectures  on  physical  subjects.  Prof.  Frazer  eight 
lectures  on  chemistry,  Mr.  J.  B.  Knight  one  lecture  on  ice,  and  Mr. 
D.  S.  Hoi  man  two  lectures  on  life  and  motion  as  illustrated  by  the 
microscope. 

In  the  arrangement  of  the  courses  this  winter  the  same  general  plan 
has  been  adopted  as  heretofore,  but  in  addition  to  the  purely  technical 
lectures,  some  upon  topics  of  much  general  interest  have  been  intro- 
duced. 

In  November  Mr.  Holman  opened  the  course  with  a  repetition  of 
his  lecture  on  motion  and  life,  followed  by  four  lectures  by  Prof.  John 
M.  Child  on  astronomical  subjects.  Mr.  John  Hang  has  also  given  a 
course  of  five  lectures  on  mechanics.  Dr.  W.  H.  Greene  three  lec- 
tures on  sugars  and  starches,  bread- making  and  fermentation,  Mr.  C. 
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A.  Ashburner,  of  the  Pennsylvania  Geological  Survey,  two  lectures 
on  petroleum,  and  Prof.  Frazer  is  at  tlie  present  time  giving  a  very 
instructive  course  of  eight  lectures  on  modern  chemistry",  in  which  the 
new  Hofmann  apparatus,  purchased  for  the  Institute,  is  being  used  for 
the  illustration,  to  great  advantage. 

In  conclusion,  the  Board  of  Managers  desire  to  ]iress  ujjon 
the  members  their  dut^'  of  adding  to  the  membership,  until  it 
shall  bear  something  like  the  same  proportion  to  the  population  of 
Philadelphia  as  existed  when  the  Institute  was  first  founded.  No 
qualifications  are  required  beyond  a  good  moral  character  and  nomi- 
nation by  members.  If  the  new  comer  be  a  learner  merely,  he  will 
have  all  the  advantages  of  instruction  the  Institute  can  offer,  which 
are  g-reater  than  can  be  had  elsewhere  for  the  same  cost.  If  he 
be  a  teacher,  he  may  still  find  much  to  learn,  Avith  assistance  for 
original  research.  Should  he  have  no  need  or  desire  to  benefit  himself, 
he  may  find  satisfaction  in  contributing  a  trifle  for  the  benefit  of  others. 

By  order  of  the  Board, 

W.  P.  Tatham,  President. 

Philadelphia,  Jan.  21,  1880. 

The  Library. 
To  the  Franklin  Institute  : 

The  Committee  on  the  Library  respectfully  report  that  there  has 
been  added  to  the  Libraiy  during  the  past  year : 

Bound  volumes,  .  .  .     1254 

Unbound    "...  1836 


Total,      .  .  .         Vols.     3090 

The  number  of  bound  volumes  in  the  Library  on  the  31st  day  of 
December,  1879,  was  14,813. 

Valuable  donations  have  been  received  from  the  different  Bureaus 
of  the  United  States  Government,  from  Great  Britain  and  from 
France.  These  donations,  which  have  been  properly  acknowledged, 
have  enabled  the  committee  to  complete  the  patent  reports  of  the 
above  mentioned  governments,  as  also  to  add  to  the  Library  many 
maps  and  charts  of  great  interest. 

Xinety-eight  duplicate  volumes  have  been  exchanged  with  other 
libraries,  and  with  individuals,  for  books  which  were  desirable  for  the 
Library  of  the  Institute. 


142  Proceedinga,  etc.  [Jcnr.  Frank.  Inst. 

Thirty-three  serial  publications  have  been  ((jnipleted.  Some  of 
these  are  standard  representatives  of  the  proi^ress  of  science  and  ai"t  in 
ditlerent  departments  representetl  by  them,  and  in  some  eas(^.'s  the  miss- 
ing numbers  were  difficult  to  obtain. 

Many  models  of  historical  interest  from  the  old  motlel-room 
have  been  distributed  over  the  cases  in  the  Library;  these  models, 
when  properly  labelled,  will  contribute  to  the  interest  of  members  of 
the  Institute  and  to  visitors. 

There  has  been  an  increased  interest  in  the  Library  shown  by  mem- 
bers, and  the  yearly  increasing  value  ol  the  collection  of"  works  repre- 
senting all  the  departments  of  science  and  the  arts  oifers  an  induce- 
ment to  a  larger  number  than  is  now  enrolled  on  the  list  of  memljers 
of  the  Institute  to  avail  themselves  of  its  privileges. 

Respectfully  submitted. 

Chas.  Bullock,  Chairman  of  Com.  on  Lihrary, 
January  13,  1880. 


The  Representative  of  the  Institute  in  the  Pennsylvania  Museum  and 
School  of  Industrial  Art  presented  the  following  report: 

The  progress  reported  last  year  in  this  highly  deserving  institution 
we  are  happy  to  say  has  continued,  and  we  trust  the  day  is  not  far 
distant  when  its  usefulness  as  a  great  art  school  will  be  acknoAvledged. 
by  all,  and  the  wisdom  of  its  foundation  seen. 

Under  the  able  direction  of  a  Curator,  appointed  early  in  the  year, 
the  arrangement  of  the  various  collections  has  been  completed,  and  a 
system  of  registration  of  objects  owned  by  or  loaned  to  the  Museum 
adopted,  from  which  a  catalogue  can  be  made  at  any  time. 

In  addition  to  the  fine  collection  of  medals  and  coins  deposite<l  by 
the  American  Philosophical  Society,  the  Antiquarian  Society  of  Phil- 
adelphia and  the  Library  Company,  Mr.  Hockley  has  loaned  to  the 
Museum  a  very  complete  set  of  medals  of  the  different  Popes,  etc.,. 
w^hich  are  of  great  value  from  their  historical  connection  and  interest 
as  works  of  art.  It  is  to  be  hoped  that  the  example  set  may  be  very 
generally  followed,  and  many  things  deposited  by  their  owners  from 
time  to  time  which  will  prove  of  great  value  to  the  student  of  art,, 
and  at  the  same  time  enhance  the  attractiveness  of  the  display. 

Early  in  the  year  the  Grant  collection  of  testimonials,  deposited  by 
Mr.  George  W.  Child.s,  was  loaned  to  the  Pittsl)urg  Library  Exhibi- 
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tion,  and  still  later  it  was  sent  to  Chicago,  with  a  representative  col- 
lection from  the  Museum,  for  the  Industrial  Exhibition  held  in  that 
city.  By  similar  loans  of  works  of  art,  under  proper  restrictions,  it 
is  hoped  that  not  only  will  much  good  be  done,  but  the  general  public 
be  made  aNvare  of  the  importance  of  the  collections,  and  extend  to  it 
more  liberal  aid. 

The  fine  display  of  mineral  and  metallurgical  specimens  collected 
by  the  American  Institute  of  Mining  Engineers  during  the  time  of 
the  Centennial,  and  which  has  been  for  some  time  stored  in  Memorial 
Hall,  was  in  ]\Iarch  last  formally  transferred  to  the  Trustees,  and  early 
in  June  the  collection  was  arranged  and  opened  to  the  public.  The 
value  of  this  collection  and  its  importance  is  so  great  as  to  merit  its 
being  classed  as  the  most  important  event  of  the  year. 

A  radical  change  has  been  made  in  the  method  of  conducting  the 
schools,  and  with  the  fall  term  they  have  been  no  longer  free,  but  are 
carried  on  in  the  same  rooms  as  our  own,  and  upon  the  same  terms. 
A  gratifying  increase  in  the  number  of  the  pupils  attending  is  also  to 
be  noticed.  The  Ladies'  Art  Needlework  Department  lias  been  trans- 
ferred to  an  independent  organization,  and  much  interest  being  taken 
in  the  school,  the  change  has  proved  a  beneficial  one. 

Our  late  esteemed  Secretary  worked  hard  for  the  success  of 
the  institution  that  I  have  the  honor  to  represent,  and  his  death, 
in  March  last,  has  been  severely  felt  by  all  connected  witli  the 
Museum.  Cliairman  of  the  Committee  on  Mechanic  Arts,  Mr.  Knight, 
was  untiring  in  all  that  would  promote  its  Avelfare,  while  his  training 
jis  an  engineer  admirably  fitted  him  for  this  position,  and  the  Museum 
was  indeed  fortunate  in  having  his  place  so  well  filled  by  !Mr.  Fred- 
erick Graif. 

Isaac  Norris,  M.D. 

January  21,  1880. 


^Ir.  Cyrus  Chambers,  Jr.,  explained  by  photographic  diagrams  the 
construction  of  his  new  "Positive  Register"  for  recording  revolutions, 
and  the  machine  was  exhibited  in  operation,  counting  up  to  5000  a 
minute  with  the  greatest  accuracy. 

Hyzer  and  Lewellen's  Portable  Enamelling  Furnace  Avas  shown,, 
and  some  remarks  were  made  upon  its  construction,  the  method  of 
baking,  etc.,  l)y  ]\lr.  Charles  H.  Roney.  Specimens  of  the  porcelain 
and  tiles  from  the  furnace  were  exhibited. 
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Tlic  Seerehirv's  report  inchuletl  a  ])a})C'r  giving  some  particular.^  of" 
the  manufa'^tiire  and  properties  of  Kerite,  an  iiu'ention  of  Mr.  A. 
Goodyear  Day.  A  fine  exhibit  of  cables,  of  different  .sizes;  tubmg 
and  insulated  wire,  were  upon  the  table.  The  Saybolt  Electrical  Tester, 
for  petroleum  oils,  wa.s  explained,  and  a  photograph  of  the  instrument 
thrown  upon  the  screen.  Attention  wa.s  also  called  to  Xoyes'  Diction- 
ary Holder,  and  the  "Beardmore  Steam  and  Water  Packing,"  com- 
posed of  rubber  and  wire  cloth,  made  at  Akron,  Ohio. 

Mr.  A.  E.  Outerbridge,  Jr.,  of  the  United  States  Mint,  described 
his  visit  to  ISIenlo  Park,  and  made  some  remarks  on  Edison's  Electric 
Light.  A  lamj)  was  exhibited,  and  photographs  of  the  generator,  etc., 
shown.  The  subject  was  discussed  by  Profs.  Rogers  and  Thomson, 
Addison  B.  Burk  aud  others.  * 

The  tellers  of  the  election  held  this  day  presented  their  report,  and 
in  accordance  therewith  the  President  declared  the  following  members 
■elected  as  officers  aud  managers  : 
President,  William  P.  Tatham. 

Vice-Presidents,  Henry  Cartwright  and  Charles  Bullock. 
Secretary,  Dr.  Isaac  Norris. 
Treasurer,  Frederick  Fraley. 

Managers  to  serve  three  years,  C.  H.  Banes,  C.  Chabot,  Prof. 
Persifor  Frazer,  W.  Helme,  Prof.  E.  J.  Houston,  E.  Lewis,  S.  Sartain, 
J   J.  Weaver. 

Auditor,  AV.  A.  Cheyney. 

Representative  in  the  Pennsylvania  31useum,  Dr.  Isaac  Xorris. 
The  tellers  of  the  election  not  being  able  to  ao-ree  whether  cer- 
tain  proxies  of  members  presented  to  them  should  be  counted,  Mr.  J. 
J.  Weaver  moved  that  they  be  not  received. 

Dr.  Rogers  moved  as  an  amendment  that  the  whole  subject  be 
referred  to  a  committee  for  a  report,  which  was  carried,  and  Messrs. 
Weaver,  Rogers  and  ]\IcKean  were  named  as  the  committee. 

On  motion,  the  folloM'iug  addition  to  the  By-Laws,  Article  VIII, 
was  uuanimoush'  agreed  to :  "  In  case  of  a  vacancy  in  the  office  of 
Treasurer,  it  shall  be  the  duty  of  the  Board  of  Managei-s  to  appoint  a 
pei"son  to  fill  the  office  pro  tempore^ 
On  motion,  the  meeting  adjourned. 

Isaac  Xoeris,  M.D.,  Secretary. 
*  A  full  rei-ort  will  a^jpear  in  the  next  number  of  tlie  Jouesal. 
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REPORT  OF  THE  COMMITTEE  ox  SCIEXCE  AND  THE 

ARTS  OX  THE  GOODWIX  MOWIXG  MACHIXE 

AXD  THE  XEAV  :\IECHAXICAL  MOYE- 

MEXTS  EMBODIED  THEREIX. 


Hall  of  the  Franklix  Ixstitutp:,  1 
Philadelphia,  December  31st,  1877,      j 

The  Sub-Committee  of  the  Committee  on  Science  and  the  Arts, 
constituted  by  the  Franklin  Institute  of  the  State  of  Pennsylvania, 
to  whom  was  referred  for  examination  the  Goodwin  Mowino-  Machine 
and  the  new  mechanical  movements  embodied  therein,  report  that  this 
machine  consists  of  a  right-angled  triangular  cast  iron  framing,  hang- 
ing at  its  short  side  upon  and  swinging  about  an  axle  which  revolves 
in  self-adjusting  roller  boxes,  encased  to  form  oil  receptacles  and  be 
protected  from  dirt.  The  driving  wheels  running  loose  upon  this  axle 
are  below  the  usual  size  of  such  wheels,  and  have  upon  their  peri- 
pherics numerous  lugs  or  spuds  to  secure  traction. 

^Motion  is  communicated  from  these  wheels  to  the  axle  by  means  of 
internal  ratchets,  upon  the  inside  of  their  rims,  which  engage  with 
pawls  upon  the  end  of  the  arms  firmly  secured  to  the  axle,  whereby 
the  forward  motion  only  of  the  wheels  is  communicated  to  the  axle, 
and  through  it  to  the  o})erating  parts  of  the  machine,  with  but  little 
loss  of  motion,  an  advantage  that  will  be  more  apparent  hereafter. 

To  the  forward  and  acute  angle  of  the  main  frame  is  secured  the 
.cutter  bar,  extending  laterally  just  in  front  of  the  off  driving  wheel, 
and  is  joined  to  the  angular  frame  by  a  peculiar  hinge  and  lever, 
whereby  the  cutter  bar  may  assume  any  angle  from  45°  below  to  90^ 
above  the  horizon,  and  be  tilted  so  as  to  throw  the  guards  down  to 
the  ground  for  the  purpose  of  catching  and  raising  down  and  lodged 
grass,  or  be  thrown  up  to  clear  stones  and  rough  ground. 

The  pole  is  attached  to  the  main  frame  by  a  hinge,  located  back  of 
and  above  the  axle,  whereby  the  frame  and  pole  may  take  any  required 
position  relative  to  each  other,  so  that  in  passing  over  undulating 
ground  the  horses  may  be  on  a  raise  and  the  cutter  bar  in  a  hollow, 
or  vice  versa. 

The  seat  for  the  driver  is  secured  to  the  pole  upon  a  steel  spring, 
fastened  to  the  foot-board  by  a  loose  bolt  and  rubljer,  acting  in  such  a 
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nianiicr  as  to  allow  a  lateral  a.s  well  a.s  vertical  .spring-  motion,  thn- 
relieving  the  driver  of  the  snddcn  sidf  lurches  as  mcII  as  the  vertical 
jar. 

The  weight  of  the  driver  is  thrown  behind  the  jointed  connection 
of  the  pole  and  frame,  thus  almost  balancing  the  weight  of  the  ])ole, 
and  relieving  the  horses'  necks  from  any  unnecessary  strain. 

The  jointed  connection  of  the  pole  and  framing,  being  back  of  the 
axle  carrying  the  frame,  and  adjustable,  tlie  combined  weight  of  driver, 
pole  and  whiittetrees  are  made  to  almost  balance  on  the  axle  the 
main  frame  of  the  machine  with  its  attachments,  so  that  their  com- 
bined weight  is  thrown  upon  the  driving  wheels,  and  the  sliding  shoes 
relieved  from  carrying  any  great  weight,  whereby  lightness  of  draft 
and  great  traction  is  secured. 

The  near  driving  wheel  is  made  about  one-half  inch  smaller  in 
diameter  than  the  off  one,  thereby  giving  it  a  tendency  to  make  a 
greater  number  of  revolutions  than  the  larger  one,  and  consequently 
throwing  the  burden  of  the  propelling  force  upon  it,  which  counter- 
balances the  resistance  to  the  cutter  bar  in  the  grass,  thus  almost 
entirely  avoiding  the  tendency  to  side  draft.  So  nicely  are  these 
forces,  together  with  the  weight  of  the  driver  and  pole,  balanced,  that 
the  latter  may  be  taken  from  the  yoke  and  the  machine  continue  its 
work  almost  as  steadily  as  before. 

The  draft  link,  connecting  the  whiffletree  to  the  frame  of  the 
machine,  is  secured  to  the  frame  by  an  arm  })rojeeting  below  the  axle, 
whereby  a  lifting  tendency,  in  proportion  to  the  draft  or  resistance  at 
the  cutter  bar,  is  imparted  to  the  forward  end  of  the  frame,  and 
relieves  it  of  the  downward  thrust  at  the  cutter  bar  and  the  upward 
thrust  at  the  axle,  whereby  the  draft  is  lessened  and  the  traction 
increased. 

The  power  necessary  to  hold  back,  or  to  back  the  machine,  is 
applied  at  the  yoke  and  through  the  pole  to  the  main  frame ;  but,  as 
the  pole  is  secured  to  the  frame  by  the  hinge  located  above  the  axle, 
the  power  necessary  to  back  the  machine  raises  the  forward  end  of  the 
main  frame  together  with  the  cutter  bar,  thus  clearing  all  from  the 
ground  in  backing,  and  enabling  the  machine  to  be  backed  over  the 
cut  grass  without  catching  it  up  or  clogging  the  machine. 

The  cutter  bar,  with  the  forward  end  of  the  main  frame,  may  be 
set  and  held  at  any  convenient  and  desired  distance  or  angle  from  the 
groiind,  so  as  to  cut  a  higher  or  lower  stubble,  or  raised  to  clear 
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obstructions,  independent  of  the  tilting-  of  the  guards,  whereby  the 
down  grass  is  raised. 

The  guards  are  secui-ed  to  the  cutter  bar  at  an  angle  with  its  sur- 
face, so  that  Avhen  the  grass  is  cut  and  passes  over  the  bar  it  has  an 
inclined  plane  to  slide  upon,  whereby  much  of  the  crowding  forward 
of  the  cut  grass  is  prevented — a  .serious  difficulty,  we  believe,  in  all 
other  machines  Avhen  cutting  "  lodged  graas." 

When  it  is  desired  to  move  the  machine  from  place  to  place,  the 
cutter  bar  is  raised  to  a  perpendicular  position,  and  secured  by  a  notch 
in  the  adjusting  lever,  and  the  main  frame  hooked  to  the  pole,  Avhen 
the  flexible  })arts  of  the  machine  become  rigid  and  entirely  clear  of 
the  ground,  thus  enabling  the  machine  to  be  driven,  as  a  sulky,  from 
place  to  place.  All  of  these  changes  in  the  machine  are  easily  and 
quickly  made  by  the  operator  without  leaving  his  seat  or  stop])ing  his 
team,  and  render  the  machine  exceedingly  convenient  for  mowing 
around  stump.s,  rocks  and  over  rough  ground.  The  reciprocating 
motion  for  the  sickle  is  obtained  by  what  the  inventor  calls  a  '■'recip- 
rocating screw,"  a  mechanical  term,  the  correctness  of  which  was  at 
first  seriously  questioned  by  your  committee,  but,  upon  a  closer  anal- 
ysis of  the  construction  of  the  device,  we  are  compelled  to  accept  this 
term  as  a  correct  one. 

This  "new  mechanical  movement,"  as  the  inventor  also  calls  it,  is  a 
device  that  is  very  simple  in  its  construction  and  operation,  and  seems 
particularly  adapted  to  the  requirements  of  a  mowing  machine.  The 
female  or  nut  portion  of  this  movement  consists  of  two  discs  bolted 
together,  the  inner  surfaces  of  which  are  made  ^ith  radiating  angles 
or  corrugations,  the  number  of  which  correspond  to  the  number  of 
vibrations  desired  to  be  obtained  from  one  revolution.  The  faces  of 
these  angles  have  (he  shape  peculiar  to  that  of  the  sides  of  the  thread 
of  a  screw,  that  is,  the  angle  increasing  as  the  diameter  diminishes. 
Both  sides  of  the  angular  projections  would  be  exactly  represented  by 
sections  of  a  many  threaded  and  right-  and  left-handed  screw. 

These  discs  are  secured  together  by  projecting  flanges,  thus  forming 
a  casing,  and  arranged  relative  to  each  other,  so  as  to  leave  the  points 
of  the  screw  sections  inside  some  distance  apart,  between  which  Avorks 
the  male  or  "  bolt "  portion  of  the  screw. 

This  "bolt"  consists  of  a  disc  having  similar  corrugations  or  .sec- 
tions of  rigiit-  and  left-handed  screws  upon  either  side,  corres- 
ponding to  the  nut  or  casing  in  pitch  and  number  of  threads,  and  is 
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secured  to  a  sleeve,  \v(»rkiii<;-  over  the  slinl't  and  tlii'oii<^li  oiu;  ot"  said 
discs,  wlierehy  its  reei})rocatiiig  motion  may  Ke  commiiiiieated  outside 
of  the  casing. 

This  casing  is  secured  rigidly  to  tiie  driving  shaft  and  rotates 
with  it. 

The  internal  disc  or  bolt  has  upon  its  sleeve  trunions,  working  in 
the  lever  which  moves  the  sickle  har. 

As  the  nut  or  casing  revolves,  the  bolt  or  disc  is  unscrewed  from 
the  riffht-hand  thread  of  one  side  into  the  left-hand  thread  of  the 
other  side. 

\\'hen  it  has  reached  the  full  length  of  this  section  it  meets  the 
right-handed  thread  upon  the  other  disc  or  nut,  and  is  forced  back, 
entering  the  left  thread  upon  the  first  disc ;  thus  a  constfint  recipro- 
catino-  motion  is  obtained,  the  number  of  throws  to  one  revolution 
depending  upon  the  number  of  threads  in  the  screw. 

In  the  case  before  us  thirty-eight  strokes  are  obtained  by  one  revo- 
lution of  the  main  -wheels,  without  the  use  of  spur  gears  for  getting 
up  the  quick  rotary  motion,  mitre  or  bevel  gears  for  turning  the 
motion  at  riglit  angles,  as  is  required  iu  mowing  machines,  and  the 
cranlc  and  pitman  for  converting  the  rotary  motion  thus  obtained  into 
reciprocating. 

The  connection  between  the  lever  and  the  sickle  bar  is  a  link,  with 
ball  and  socket  joints,  and  allows  of  the  free  adaptation  of  the  frame 
and  cutter  bar  to  the  undulations  of  the  ground. 

From  the  fact  that  the  sickle  receives  its  motion  from  sections  of 
screws,  the  motion  is  uniform  throughout  the  whole  length  of  the 
stroke,  thus  presenting  a  uniform  and  almost  continuous  cutting  motion 
to  the  o-rass,  wherebv  the  cuttino;  is  done  without  allowing  time  for  the 
grass  to  bunch  in  the  guards,  as  is  the  case  in  machines  where  the 
sickle  is  operated  by  a  crank.     - 

The  abrupt  reversing  of  the  motion  of  the  reciprocating  parts  in 
this  machine  at  first  presented  itself  to  us  as  a  serious  difficulty  in 
this  movement,  but  upon  a  close  examination  it  appears  that  the 
vibrating  disc  or  bolt  cushions  the  air  between  it  and  the  nut  or  case, 
and  their  surfaces  so  nicely  coinciding  with  each  other,  and  being  of  so 
extended  an  area,  the  momentum  is  taken  up  and  overcome  in  a  very 
great  degree  by  this  air  cushion. 

The  casing  of  this  movement,  being  fitted  together  oil-tight,  becomes 
an  oil   receptacle,  into  which  a  considerable  quantity  of  oil  may  be 
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placed,  when  by  its  revolution  every  part  of  the  working  surfaces  are 
submerged  in  oil. 

The  wearing  surfaces  are  so  large  that  the  oil  appears  to  prevent 
the  actual  contact  of  the  metals. 

One  movement,  on  examination  after  use  in  cutting  many  acres  of 
grass  and  millet,  showed  but  little  signs  of  wear ;  that  seen  was 
scarcely  perceptible,  the  sand  marks  still  being  on  the  cast  wearing 
surfaces. 

This  condition  of  things  is  evidence  of  but  little  friction  in  this 
movement. 

Field  Tests. 

Your  committee  made  quite  a  number  of  field  tests,  in  some  of 
which  five  other  machines  of  different  manufacture,  representing  the 
leading  machines  of  the  country,  were  tested  in  comparison  with  the 
Goodwin  reciprocating  screw  machine. 

All  the  machines  were  good  samples  of  their  kind,  and  were  put  in 
good  order  by  one  man,  who  was  employed  for  the  purpose,  and 
believed  to  be  disinterested  and  impartial. 

The  same  team  was  used  for  each  machine  during  each  test,  and 
each  machine  operated  by,  Ave  believe,  impartial  and  experienced  per- 
sons throughout  each  set  of  trials. 

The  instrument  used  in  the  early  field  tests  was  one  of  Fairbanks' 
non-recording  dynamometers,  which  proved  unsatisfactory  on  account 
of  the  great  discre})ancies  in  the  readings  by  different  persons,  when  it 
was  resolved  that  five  persons  should  record  the  draft  as  indicated,  and 
the  average  of  the  whole  be  taken  as  correct. 

This  also  proving  unsatisfactory,  both  to  your  committee  and  to  the 
parties  in  interest,  a  self-recording  dynamometer  was  invented  and 
constructed  expressly  for  the  purpose,  recording  on  a  continuous  mov- 
ing paper  all  the  variations  of  draft  and  working,  with  all  the  delicacy 
and  precision  desu-ed. 

The  field  tests  were  numerous  and  varied,  being  made  over  great 
varieties  of  ground,  from  the  well-kept  lawn  to  rocky,  rolling  land ; 
from  heavy  swamp  grass  to  dry  hillsides,  covered  with  last  year's  dead 
grass  and  the  growth  of  the  present  year ;  from  the  short  matted  park 
grass  to  millet  5  feet  high,  through  ditches  and  over  rocks  into 
washed  soils. 

Terraces  at  an  angle  of  45°  were  mowed,  both  from  the  top  down- 
AVard  and  from  the  bottom  upward. 
Whole  No.  Vol.  CIX. — (Thikd  Series,  Vol.  Ixxii.)  12 
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Altoji'ethcr,  the  macliines  were,  in  the  (»j)iiiion  of  your  eoiuiuittee, 
put  to  a  more  severe  test,  and  a  greater  variety  of"  work,  than  they 
would  (iicituntcr  in  many  years'  use  on  the  farm. 

The  meehanieul  tests  were  : 

1st.  To  test  the  traetion  of  tlie  wheels  upon  the  ground  with  their 
ordinary  load. 

2(1.  The  power  applied  in  draft  to  overcome  an  increasing  resist- 
ance upon  the  sickle  bar. 

3d.  The  power  lost  by  friction  in  converting  "  slow  rotary  "  into 
"  quick  reciprocating  "  motion  under  a  constant  resistance,  also  under 
an  intermitting  resistance. 

4th.  The  draft  power  recjuired  to  cut  off  between  the  cutters  and 
guards  various  sizes  and  kinds  of  woods. 

5th.  The  weight  thrown  upon  the  yoke,  or  horses'  necks,  under  vary- 
ing draft  strains. 

6th.  To  get  an  exact  diagram  of  the  movement  of  the  sickle  as  the 
machine  passes  over  the  ground. 

To  ascertain  the  above  facts,  strains  and  resistances,  special  appa- 
ratus was  constructed. 

One  test  consisted  of  a  given  weight,  moving  through  a  given  space, 
suspended  from  the  driving  wheels,  producing  a  given  iiiotion  to  the 
sickle  bar,  under  constant  and  under  intermitting  resistances,  for 
which  a  specially  devised  and  constructed  instrument  was  used. 

The  non-recording  dynamometer  and  spring  balances  were  tested 
each  by  the  other,  and  by  weights,  and  were  found  to  correspond  very 
closely  throughout  the  whole  scale. 

The  recording  dynamometer  required  considerable  force  to  overcome 
the  friction  of  the  recording  device  which  tended  to  steady  its  move- 
ments while  this  resistance  w^as  counted  and  recorded  in  the  log. 

To  ascertain  the  precise  movements  of  the  sickle  in  cutting  grass, 
as  the  machine  traveled  over  tlie  ground,  a  recording  instrument  was 
attached  to  one  of  the  sickle  sections,  recording  its  movements  on 
paper  as  the  machine  moved  in  its  usual  course  over  the  ground. 

These  diagrams  will  be  found  with  the  other  records  herewith 
submitted. 

All  the  machines  were  tested  by  the  same  instruments,  taken  imme- 
diately from  one  machine  to  the  other  without  change. 

To  give  in  this  report  all  the  data  and  figures  obtained  from  field 
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and  mechanical  tests  would  render  it  voluminous,  and  a  mass  of  unin- 
telligible notes  and  figures,  incomprehensible  to  the  general  reader. 

Your  committee  has  therefore  deemed  it  best  to  submit  herewith  a 
copy  of  the  log,*  and  give  only  the  result  in  percentages  and  degrees, 
and  invite  those  desiring  more  of  the  details  to  glean  them  from  the 
records  themselves. 

From  the  data  and  facts  obtained,  and  our  observation  and  use  of 
the  various  machines,  your  committee  have  arrived  at  the  following 
conclusions  relative  to  the  Goodwin  Mowing  Machine: 

1st.  For  ease  and  (iomfort  to  the  driver  it  stands  first. 

2d.  For  convenience  of  manipulation  in  the  field,  cutting  over  and 
around  obstructions,  it  stands  first. 

3d.  For  cutting  over  uneven  or  undulating  ground,  over  ditches 
and  steep  terraces,  it  stands  first. 

4th.  For  mowing  wet  swampy  bottoms,  through  swamp  and  wet 
^rass,  it  stands  first. 

5th.  For  raising  and  cutting  down  grass,  for  cutting  close  and  even 
stubble  of  uniform  length  for  lawn  or  parks,  it  stands  first 

6tli.  For  cutting  high,  lieavy  and  lodged  grass,  it  stands  first. 

7th.  For  power  to  cut  large  weeds  of  woody  growth,  bushes,  etc., 
it  excels  all  others  tested  by  about  one  hundred  per  cent. 

8th.  It  is  the  only  machine  examined,  or  known  to  your  committee, 
that  Avill  raise  its  cutter  bar  and  framing,  and  clear  the  cut  grass  in 
backing  from  its  cut. 

9th.  For  the  absence  of  side  draft  it  stands  first.  It  is  the  only 
juachiue  known  to  us  that  is  free  from  it. 

10th.  It  is  the  only  machine  known  to  us  that  is  free  from 
unnecessary  weight  on  the  yoke,  or  horses'  necks,  under  varying  draft 
strains. 

11th.  For  lightness  of  draft  while  running  'all  its  ^larts,  Avithout 
cutting,  it  stands  first. 

12th.  For  durability  of  Avearing  parts  it  stands  first. 

13th.  For  economy  of  construction  it  stands  first. 

14th.  In  point  of  noise  in  running  it  stands  third. 

*  A  brief  summary  of  the  log  is  lierewith  apiiended. 
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The   Mechanical   Movement  as  a  Device   for   Converting 

Slow  Rotary  into  Quick  Keciprocating 

Motion,  of  Unif<jrm  Velocity. 

For  the  application  of  tlii.s  device  to  various  uses  your  committee 
are  of  tlie  opinion  tliat  its  apj)li('ation  is  limited  to  tlio.se  uses  where  but 
light  parts  are  to  be  recipro(;ated  and  the  source  of  power  slow  and 
rotary,  and  a  uniform  motion  is  desired  through  the  whole  length, 
of  the  stroke. 

The  abrupt  cessation  of  the  motion  in  one  direction,  and  its  instant 
starting  at  full  velocity  in  another,  renders  it  unfit,  in  our  opinion,  for 
general  u.se  or  for  heavy  moving  parts. 

Its  embodiment  in  a  mowing  machine  seemed  to  us  to  be  a  most 
happy  a])plication  of  this  new  mechanical  movement. 

The  requirements  of  the  movements  in  mowing  machine  sickles  are- 
arbitrary  when  the  best  results  are  to  be  obtained,  and  this  device 
seems  to  fill  them  most  admirably,  converting  the  slow  rotan,-  motion 
of  the  driving  wheels  into  quick  reciprocations  in  a  direction  parallel 
to  the  axis  of  rotation. 

Its  uniform  motion  keeps  the  sickle  cutting  the  grass  with  the  min- 
imum resistance  or  quantity  of  grass  at  a  time,  and  prevents  "  bunch- 
ing "  of  the  grass  between  the  guards,  a  serious  objection  to  the  crank 
movement,  bunching  taking  })lace  during  the  time  the  crank  is  pa.s.s- 
ing  the  centres. 

1st.  For  simplicity  this  movement  stands  first. 

2d.  For  durability  it  stands  first. 

3d.  For  economy  of  power  it  .stands  first,  one  test  showing  that  the 
ordinary  crank  and  gearing  required  over  one  hundred  per  cent,  more 
power  than  this  movement  did  to  do  the  same  work. 

Considering  the  many  difficulties  to  be  overcome  in  adapting 
machinery  to  the  varied  conditions  under  which  agricultural  machinery 
generally  is  required  to  work,  and  especially  harvesting  machines,, 
and  remembering  how  thoroughly  and  practically  the  inventor  of  this 
machine  has  accomplished  this,  your  committee  are  of  the  opinion 
that  no  award  at  the  disposal  of  the  Institute  is  too  great  for  such  a 
victory. 

AVe  therefore  recommend  that  the  Franklin  Institute  award  to  ^^'nL 
Farr  Goodwin  "  the  Elliott  Cresson  gold  medal  "  for  his  mow- 
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ing  machine,  and  the  Scott's  legacy  premium  and  medal  for  the 

new  mechanical  movement  contained  therein. 

Respectfully  submitted. 

Cyrus  Chambers,  Jr. 

W.  Barnet  Le  Van. 
Approved  Feb.  6th,  1878. 


Mowing  Machine  Test. 
Brief  Summary  from  Log  Book,  for  convenience  of  Reference. 
First  practical  field  test.     Horace  J.  Smith's  field.    Lowest  average 
■drafts  by  the  non-recording  dynamometer,  one  person,  only,  calling 

the  figures. 

Buckeye  Machine. 

Draft,  empty,  down  grade,  .       80*3    pounds. 

"  a  '    ^^p  u  _  125-  " 

"      cutting  high  stubble,  .     164-74       " 

"       low         "  .  191-10       " 

Clogged  four  times  in  cutting  two  swaths.  Xo.  1. 

Worm-wheel  and  Screio  Machine. 
Draft,  empty,  down  grade,  .     118-75  pounds. 

"  "  *    up  " 

"      cutting,  down     "      .  .     209-82       " 

Champion  Haymaker  Machine. 

Draft,  empty,  down  grade,  .       91-78  pounds. 

"      up  "  .  123-68       " 

"      cutting,  down    "      .  .     245-45       "        No.  4. 

Little  Giant. 

Draft,  empty,  doM'n  grade,  .     105'      pounds. 

"      cutting,  down    "      .  .     204-46       "         No.  2. 

Goodwin's  Reciprocating  Serew. 
Draft,  empty,  down  grade,  .     127-77  pounds. 

"  '    up  "  .        .     1 72-91       " 

"      cutting,  down    "      .  .     205-88       "        No.  3. 

Second  public  field  test.  Dr.  Heenan's  field.  Non-recording  dyna- 
mometer ;  five  persons  recording,  and  the  average  of  all  taken  as 
correct. 
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Reciprocating  Screw. 

Out  of  gear,  .  .  .75  |>oun(ls. 

In  gear,  running  empty,  .  87       " 

"         cutting  fine  grass,        .  .     162'5    "         Xo.  1. 

Champion  Haymaker. 

Out  of  gear,  .  .  .80  pounds. 

In  gear,  running  empty,  .  104       " 

"         cutting,  2  drags,  .  .185       "         Xo.  2. 

Buckeye. 
Out  of  gear,  .  .  .83  pounds. 

In  gear,  running  empty,  .  103       " 

"         cutting,       .  .  .     191       "         Xo.  3. 

Worm-tvheel  and  Screw. 
Out  of  gear,  .  .  .88  pounds. 

In  gear,  running  empty,  .  118       " 

"         cutting,       .  .  .     191       "        Xo.  4. 

Third  public  field  test.     George's  Hill.     Self-recording  dynamom- 
eter ;  average  taken  from  the  card. 

Worm-wheel  and  Screio  Machine. 
Xot  cutting,  but  in  gear,  average,  .     154  pounds. 

Cutting  fine  park  grass  (half  dead),  215       "         Xo.  4. 

Champion  Haymaker. 
Not  cutting,  but  in  gear,  .  .180  pounds. 

Cutting  same  grass,  .  .  246       "        Xo.  5. 

Buckeye. 
Xot  cutting,  but  in  gear,  .  .     140  pounds. 

Cutting  same  grass,  .-  .  211       "        Xo.  3. 

Goodwin's  Reciprocating  So'ew,  New  Pattern. 
Xot  cutting,  but  in  gear,  .  .189  pounds. 

Cutting  usual  height  and  same  as  others, 

and  in  .same  gras^,  .  .     210       " 

Cutting  I  inch  lower,       .  '   .  247       "         Xo.  2> 

Goodwin  Reciprocating  Screic,  Old  Pattern. 
Not  cutting,  but  in  gear,  .  .154  pounds. 

Cutting  same  ^rass,  .  .  208       "         Xo.  1 . 
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Friction  test  under  normal  load.  Public  test  on  Horace  Smith's 
lawn. 

Buckeye  slides  at  750  pounds  with  both  wheels.  No.  3. 

Goodicin's  Reciproccding  Screw  slides  at  500  pounds  with  one  wheel, 
with  250  pounds  resistance  ;  but  dynamometer  would  not  measure  the 
draft  strain  at  the  cutter  bar  for  both  wheels,  it  being  limited  to  1000 
pounds.  No.  1. 

Chcimjyion  Haymaker — both  wheels  slide  at  650  pounds.  No.  4. 

Worm-wheel  and  Screw — both  wheels  slide  at  800  pounds.     No.  2. 


Butyric  Ferment  in  the  Coal  Period. — Van  Tieghom  has 
studied  some  of  the  vegetable  fossils  in  the  Belgian  coal,  for  the  sake 
of  comparing  the  changes  which  they  have  undergone,  with  those 
which  take  place  at  the  present  day.  If  fragments  of  the  young  roots 
of  yew  or  cypress  are  left  for  some  time  covered  with  water,  the  Bacil- 
lus amylobacter  is  developed,  attacks  most  of  the  tissues  and  completely 
dissolves  the  cellular  membranes.  In  the  bark,  all  the  ordinary 
parenchyma,  then  the  layers  of  cellular  tissue,  and  finally  the  endoderra, 
gradually  disappear,  only  leaving  at  the  surface  the  summits  of  the 
epidermic  cells  which  form  the  cuticle.  In  the  central  cylinder  the 
root-producing  layer  and  the  conjunctive  tissue  are  destroyed,  only 
leaving  the  central  band  of  vessels.  The  cellulose  is  decomposed  as 
fast  as  it  dissolves,  and  undergoes  the  butyric  fermentation.  At  the 
same  time  the  amylobacter  leaves  visible  and  direct  traces  of  its  devel- 
opment. The  same  progress  in  the  destruction  of  the  tissues  is  observed 
in  the  coal,  leaving  as  a  final  result  only  the  cuticle  and  the  vessels. 
There  are  also  the  same  visible  and  direct  traces  of  the  develo})ment 
of  the  amylobacter  in  the  interior.  We  may,  therefore,  conclude  that 
in  the  marshes  of  the  coal  epoch,  as  well  as  in  those  of  our  own  time, 
the  same  plants  underwent,  in  the  same  portions  of  their  tissues,  the 
same  dissolution  by  the  same  agent.  Then,  as  now,  the  Bacillus  amy- 
lobacter was  the  grand  destroyer  of  vegetable  organisms,  and  the  buty- 
ric fermentation  which  it  excites  was  displayed  as  one  of  the  most 
general  of  all  organic  phenomena.  Pasteur's  investigations  of  this 
ferment  find  in  these  facts  a  new  application,  which  will  be  fruitful  in 
palaeontology. —  Comptes  Rendus. 
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SAWS. 


By  Robert  Grimshaw,  Ph.D. 

[Continued  from  January  issue.] 


Class  4,  free  at  one  end,  and  "  push  cut "  i.s  perhaps  the  most 
numerous  of  all — including  principally  all  the  varieties  of  carpenters' 
hand  saws,  of  both  parallel  and  taper  blades,  with  and  without  backs. 

In  general,  the  teeth  are  of  equal  size  throughout  the  length  ;  but 
there  is  in  some  varieties — notably  the  hand-rip-saw — an  increase  in 
the  size  of  the  teeth  from  point  to  heel,  referred  to  at  the  close  of  the 
remarks  on  saw  teeth.  But  this  increase  is  not  always  regular  and 
graduated,  being  sometimes  a  sudden  step. 

This  class  may  be  subdivided  into  («)  taper  saws,  without  frames, 
and  (6)  parallel  saws,  with  backs.  The  following  table  gives  lengths, 
sizes  and  spaces  of  teeth,  etc. : 

Points  to  inch. 

5  to  12 
Heel,  3  to  5 
Point,    6  to    8 

8  to  12 


Taper. 


Backed 


Name. 

Length. 

Gauge. 

fHand, 

2()" 

19 

Rip, 

28"  to  30" 

18 

1  Panel, 

14"  to  24" 

22  to  20 

Compass, 

10"  to  20" 

16 

Keyhole, 

7"  to    9" 

21 

(  Tenon, 
\  Miter, 

6"  to  18" 

22  to  20 

20"  to  30" 

20  to  19 

11  to  15 
10  to  11 


The  rip,  half  rip,  hand,  broken  space,  panel  and  fine  panel  are  alike 
in  general  appearance.     Chest  saws  are  merely  diminutive  thereof. 


Figs.  26  and  27. 


*  Extracts   from   "  Grimshaw   on   Saws."     160   pp.      Koyal   8vo.      Philadelphia ; 
Claxton,  Remsen  &  Haffelfinger.     1880. 
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TJie  blade  is  "  taper "  in  order  that  it  may  be  nearly  equally  stiff 
throughout ;  for  ease  in  attachment  of  the  handle,  and  to  lighten  it. 
This  taper  Is  either  straight  or  curved. 

The  curved  taper  (Fig.  28)  is  claimed  by 
the  makers  to  somewhat  lighten  the  saw, 
while  lessening  its  liability  to  vibrate  when 
drawn  from  a  cut.  The  "  increment "  tooth 
of  the  rip  saw  is  clearly  shown  in  the  figure. 

Figs.  26  and  27  show  a  mode  of  strength- 
fining  the  handle. 

The  table  saw  and  the  compass,  or  lock 
saws,  differing  only  in  size,  and  all  used  for 
-curved  line  cutting,  have  narrow  blades  to 
permit  their  turning  sharp  corners. 

The  keyhole  or  lock  saw  is  the  narrowest. 
It  should  be  made  with  a  pull  cut  for  the 
reasons  stated,  page  32. 

Pruning  saws  are  coarser,  thicker  and 
keener  than  those  for  dry  wood.  They  are 
sometimes  made  with  half  moon  or  briar 
teeth  for  rapid  execution. 

The  pond  ice  saw,  generally  supplied  with 
a  "  tiller  handle,"  is  7  to  8  inches  wide  at 
butt,  5  to  6  inches  at  point,  and  9  to  10 
gauge. 

Hand  saws  for  ice  are  ai)out  24  inches 
long,  gauges  16  and  18  ;  teeth  regular  cross- 
cut pattern,  i  inch  to  1  inch  apart  and  deep, 
and  with  enormous  set  as  this  material  clogs 
greatly. 

The  various  backed  parallel  bladed  saws, 
known  as  tenon,  sash,  carcase  and  dovetail, 

according  to  their  uses,  have  thin  and  carefully  hammered  blades 
stiffened  with  a  piece  of  metal  sprung  on.  They  are  much  employed 
for  accurate  Avork.  Care  should  be  taken  not  to  spring  the  back  by 
knocks. 

The  smith's  screio  head  saw  has  a  handle  like  a  file  and  is  used  for 
cutting  the  slots  in  screw  heads.     It  has  a  thick  and  hard  blade. 

The  comb  cutter's  saw,  sometimes  called  a  "  stadda,"  is  double,  the 
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tun  I»l;ult's  I)t'in'^  separatoil  by  {Kic'kin<r,  at  any  desired  distance;  one 
edge  l)einti;  slightly  in  ailvanee  of  the  other  so  as  to  enter  a  new  cut, 
wliich  the  other  finishes.     Thus  spaeing  and  depth  arc  preserved  equal. 


i'/f/.  '4U.     Mitei'-bojc  Stiir. 

See  Fig.  30,     Similar  saws,  on  a  larger  scale,  have  been  used  for  cut- 
ting microscope  and  air  pump  racks. 


Keyhole  and  Loch:  Saw. 


The  increment  tooth  (see  page  35)  has  these  advantages  for  hand- 
saws :  the  line  teeth  being  used  to  start  the  cut  and  coarse  ones  to 
finish,  a  saw  ^vill  work  freelv  and  easilv.     In  liand-sawing;  the  least 


Fiff.  30.      Comb  Cuttinfj 
Saw. 


Fiff.     31.       Adjustable- 
Sacked  Saiv. 


Fiff.  32.     Back   Cuttint/ 
with  Saics. 


amount  of  power  is  employed  at  the  beginning  of  the  cut,  but 
as  the  arm  straightens  at  the  elbow  more  force  is  used,  and  the 
coarser  teeth  allow  it  to  be  utilized  because  the  space  between  the  teeth 
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do  not  clog  as  readily  as  the  fine  teeth  do,  and  the  fine  teeth  do  not 
catch  at  the  beginning  of  a  cut  as  do  coarse  teeth. 

The  teeth  of  a  hand  saw  should  be  so  truly  filed  that  on  holding  it 
up  to  the  eye  and  looking  along  its  edge  lengthwise  it  should  show  a 
central  groove  down  Mdiich  a  needle  should  slide  freely.     See  Fig.  A.. 

The  cutting  action  should  be  sucli  that  the  bottom  of  the  kerf  should 
present  the  appearance  of  Fig.  B,  and  not  that  shown  in  Fig.  C. 

Fig,  D  shows  the  proper  cutting  action  of  the  teetli. 

Saws  free  at  one  end  and  cutting  on  both  strokes  are  comparatively 
rare.  The  M  teeth  hand  saws  and  some  butting  saws  mounted  a& 
drags,  are  all  that  we  call  to  mind. 


V 

\ 

/ 

RIGHT. 

WRON&. 

A  B  C  D 

Class  6,  strained  in  a  sash,  guided  at  both  ends  and  cutting  on  botlu 
strokes,  is  a  peculiar  one.  We  call  to  mind  but  one  representative — 
Robinson's  horizontal  veneer  saw,  shown  at  the  Paris  Exposition  of 
1878.  Very  peculiar  inclined  guides  give  the  blade  what  would  cor- 
respond to  overhang  on  each  stroke,  so  as  to  give  lead  both  ways. 

Class  7  is  the  pit  saw,  practically  the  single  sash,  unguided  and! 
worked  bv  hand.     The  blade  is  from  5  to  8  feet  long. 

Class  8  includes  the  "  cross-cut " — frequently  written  "  X  cut.'^ 
They  vary  largely  in  general  appearance  and  in  disposition,  but  have 
always  for  their  object  the  severing  each  fil)re  in  two  places. 

They  are  made  double  as  wide  in  the  centre  as  at  the  ends — to  stiffen 
the  blade  and  to  allow  for  the  greater  amount  of  wear  in  the  centre. 
The  "  gains  "  or  gullets  in  the  centre  are  often  made  twice  as  deep  as- 
those  at  the  ends,  to  save  frequent  "gumming." 

In  general  there  is  one  set  of  teeth  termed  "scorers/'  which  sever 
the  fibres  at  the  sides,  and  others  called  "  cleaners,"  which  remove  the 
central  core  or  ridge,  and  blow  out  the  dust  made  by  the  others^ 
Cross  cutting  is  like  scoring  a  "  gain  "  in  a  plank  with  the  edges  of  a 
chisel,  and  then  with  tlie  flat  edge  removing  tlie  severed  portions. 
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"  Cleaner  teeth,"  "  clearers,"  or  "  plows,"  are  made  .slightly  .shorter 
than  the  cutters  with  which  they  alternate. 

In  the  "  Twin  Clipper  "  (see  cuts)  there  are  two  M's,  or  four  teeth 
to  a  .section ;  one  M,  or  two  teeth,  set  each  way.  The  maker  claims 
that  where  there  are  but  two  teeth  (or  one  M)  in  a  section,  both  teeth 
set  tlie  .same  way,  their  tendency  is  to  draw  towards  the  point  and  first 
take  to  the  side  of  the  kerf  and  draw  or  spring  the  section  over  until 
it  lets  go  when  it  reacts,  cutting  the  sides  of  tlie  kerf  wavy,  in  thi.s 
manner. 

In  this  cross  cut  one  pair  of  teeth  is  designed   to   counteract   the 


liff.  33. 

spring  of  the  other,  keeping  the  section  straight  and  unsprung.  It  is 
also  claimed  that  when  a  section  has  but  two  teeth  it  caimot  be  as  stiff 
as  with  four. 


Fig.  34.     Tivin  Cliju^er,  showing  Cleaners. 

The  cleaner  teeth  of  the  "  Twin  Clipper  "  (see  Fig.  34)  are  made  by 
simply  cutting  out  the  inside  section  of  two  teeth,  as  shown  by  the  dot- 
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ted  lines  in  the  cut— leaving  two  sets  of  cutting  teeth  or  scorei-s  between 
each  pair  of  clearers,  which  are  about  ^  inch  below  these  last. 

The  teeth  of  solid  cross  cuts  are  difficult  to  keep  of  proper  length 
and  shape.  The  saw  requires  frequent  gumming,  and  in  this  process 
is  frequently  broken  or  sprung  and  kinked,  and  then,  unless  ham- 
mered and  straightened  bv  a  skilled  hand, 
will  be  sure  to  give  trouble  by  running  hard 
and  sticking  in  the  log.  The  perforated 
cross  cut  avoids  gumming,  and  the  teeth  are 
easily  kept  just  right. 

Fig,  35  shows  part  of  a  cross  cut,  in 
which  the  notch  of  each  INI  is  followed  by 
perforations,  as  also  are  the  larger  gullets 
between  the  Ms  and  the  Ws.  A^arious  styles 
of  cross  cuts  are  shown. 

17ie  Weight  Strained  Saio  has  only  one 
application — to  ice  cutting.  The  blade  is 
mounted  vertically  in  a  frame  on  a  sled  and 
is  kept  taut  by  a  weight  suspended  in  the 
water  to  the  lower  end.  Arctic  explorers 
use  this  saw  for  cutting  their  ships  out  of  ice 
floes ;  and  it  has  been  used  for  heavy  ice- 
cutting  for  commercial  purposes. 

The  Spring  Strained  Saic,  commonly 
known  as  the  Gig,  Jig,  Fret  or  Scroll  Saw, 
has  a  pull  cut  only ;  the  return  being  ef- 
fected by  the  same  means  that  keeps  it 
strained.  It  is  light  running  and  generally 
u.sed  for  cutting  out  fine  curved  or  scroll 
work ;  although  of  late  years  the  band  saw 
is  superseding  it  for  outside  work. 

Jig  sawing  really  divides  itself  into  two 
branches — sawing   in   irregular  shapes  on  the  outside  of  a  piece  of 
material,  and  the  same  process  on  the  inside,  known  as  fret  work. 

The  short  and  readily  detachable  blades  of  the  strained  jig  saw^  can 
be  so  quickly  withdrawn  from  one  cut  and  inserted  in  another  startino- 
hole  that  the  band  saw  has  no  chance  to  enter  the  field  of  fret  work. 

It  may  be  said  to  have  influenced  American  architecture,  which 
seems  largely  to  have  been  arranged  so  as  to  give  every  opportunity 
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lK).ssil>lc,  from  crest  iind  barge  ])oarcl  to  j)orch  ami  railing,  for  the  dis- 
play of  scroll  sawing. 


Fifj.  36.     rerforated  Crofis  Cut. 


Scroll-sawing  blades  are^  from  8  to  24  inches  long  and  13  to  16 
gauge. 


Fig.  37.    Feather  Edged  Back. 

V\e.  may  only  notice  that  most  makers  grind  their  jig  saw  blades  at 
the  back,  to  avoid  all  error  of  setting,  while  Andrews  grinds  to  a 
feather  edge  (Fig.  37). 


Fig.  38.    Andreivs'  Steel 
Spring  Buck  Saw. 


Fig.  39,    Andrews'  Bucksaw 
Wood  Frame,  Steel  Spring. 


The  larger  sizes  necessitate  a  blower  to  keep  the  kerf  free  from  dust 
and  enable  the  workmen  to  see  the  lines  of  the  pattern. 
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The  "  Fleetwood  No.  3  "  fret  saw  runs  about  700  to  800  cutting 
strokes  per  minute.  Faster  speed  is  apt  to  heat  the  saw  and  burn  the 
wood.     Routers  sometimes  use  a  double-edged  blade. 

We  hear  of  round  saws  for  scroll  work,  but  have  not  yet  seen  them. 

The  Buck  Sato,  or  Wood  Saiv,  is  a  familiar  implement.  It  is  made 
Avith  the  ordinary  inclined  T'  or  hand  saw  tooth,  and  also  with  the 
double  cutting  M  ;  the  latter  far  superior. 

American  use  has  discarded  the  stick  and  twisted  cord  strainer. 

In  frames,  recent  improvements  enable  a  much  hu'ger  log  to  be 
taken  in.  Figs.  38  and  39  show  Andrews'  frames,  where  the  straining 
is  accomplished  by  a  steel  spring  comprising  a  part  or  the  whole 
frame. 

Web  saws  ^  inch  and   narrower   have  wide  ends,  in  order  to  give 

.strength  at  the  holes. 

(To  be  continued.  1 


Gold  in  Petroleum. — According  to  John  Turnbridge,  gold  may 
be  found  in  the  a.shes  of  crude  petroleum  and  in  the  refuse  of  petro- 
leum stills. — Der  Bergmann.  C. 

Electric  Discharge  in  Gases. — Warren  de  la  Kue  and  H.  ^y. 

Muller  publish  the  following  results:  1.  For  each  gas  there  is  a  mini- 
mum of  pressure  which  corresponds  to  the  minimum  of  electric  resist- 
ance. If  the  pressure  is  diminished  below  this  minimum  the  resist- 
ance increases  rapidly.  2,  There  does  not  seem  to  be  any  condensation 
or  expansion  of  the  gas  in  the  neighborhood  of  the  electrodes.  3. 
The  discharge  is  accompanied  by  a  sudden,  momemtary  expansion  of 
the  gas,  which  does  not  appear  to  be  due  to  the  mere  heating.  4.  The 
ratio  between  the  pressure  and  the  difference  of  potential  necessary  to 
produce  the  discharge  between  two  plane  surfaces,  at  a  constant  dis- 
tance, can  be  represented  by  a  hyperbola ;  the  same  is  true  for  the 
ditfereuce  of  potential  and  the  explosive  distance  when  the  pressure  is 
constant.  5.  Between  points,  under  atmospheric  pressure,  the  poten- 
tial varies  as  the  square  root  of  the  distance.  With  a  constant  pile  of 
11,000  elements  (chloride  of  silver),  the  explosive  distance  varied 
inversely  as  the  pressure,  from  1.5  mm.  to  15  mm.  ('059  inch  to  '5906 
inch).  6.  The  electric  arc  and  the  stratified  discharge  in  a  vacuum 
appear  to  be  modifications  of  the  same  phenomenon. — Comptes  Rendus. 

c. 
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OX   THE   CONSTRUCTION  OF  DOUBLE    BEAT  POPPET 

VALVES. 


By  VV'iLi.iA.M  P.  Tatham. 


The  ordinary  construction  of  these  valves  is  shown  in  Fig.  1,  in 
wliich  tlie  sectional  lines  representing  the  seats  of  the  valves  make 
angles  of  about  45°  with  the  axis.  The  clotted  lines  in  all  the  fiy:ures- 
show  in  an  exaggerated  manner  the  effects  of  expanding  the  valve  by 
heat. 

The  trouble  with  them  is  in  making  and  keeping  both  valve  seats 
steam  tight,  and  to  this  end  it  is  not  unusual  to  cast  the  valves  and 
valve  seats  at  the  same  running,  so  as  to  have  metal  of  equal  expansi- 
bility, and  to  grind  the  valves  to  their  .seats  when  hot,  i.  e.,  under 
working  conditions. 

The  object  of  this  paper  is  to  exhibit  a  principle  of  con.struction 
which  would  secure  the  desired  result,  provided  that  the  touching  sur- 
faces of  valves  and  seats  be  portions  of  true  cones,  and  jjrovided  also 
that  the  expansion  of  the  valve  throughout  itself  be  uniform,  and  that 
the  expansion  of  the  seats  throughout  be  uniform  also,  however  much 
these  two  expansions  might  difter  one  from  the  other. 

Under  these  conditions,  it  is  only  neces.sary  that  the  imaginary 
apexes  of  the  two  cones  of  which  the  valve  seats  are  portions  should 
be  at  the  same  point.  This  will  secure  a  tight  fit  of  both  valve  plates 
to  their  respective  seats,  with  different  expansion. 

Let  ABC,  Fig.  2,  represent  a  section  of  a  solid  cone  of  brass  fit- 
ting closely  a  hollow  cone  of  iron,  or  less  expansible  metal.  When 
heated,  the  brass  cone  Avould  expand  and  become  a  larger  but  similar 
cone,  a  portion  of  it  still  fitting  the  iron  cone  and  the  rest  projecting 
above  it,  as  shown  by  the  dotted  line  be. 

Again,  let  ADE  be  a  section  of  another  solid  cone  of  brass,  having 
the  same  apex  as  the  cone  ABC,  and  fitting  in  a  hollow  cone  of  the 
same  iron  as  in  the  first  ca.se.  When  expanded  by  heat,  the  brass 
cone  would  fill  the  hollow  cone  as  before,  and  the  expansion  would 
be  represented  by  the  projection  outside,  indicated  by  the  dotted 
line,  d  e. 

Now,  what  is  true  of  these  solid  brass  cones  is  true  of  any  portion 
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of  them,  and  if  Ave  shape  them  into  a  valve,  as  shown  by  the  shading, 
it  will  have  the  property  reqnired. 

It  follows,  that  if  the  cone  of  the  top  plate  have   its  imaginary 
apex  on  a  level  with  the  bottom  seat,  that  scat  must  be  flat,  as  in  Fig.  3. 


Fiff.  1. 


Fig.  2. 


Fig.  3. 


Fiff.  4. 


If  the  imaginary  apex  be  above  the  level  of  the  bottom  seat,  then 
to  make  a  common  apex  to  the  two  cones  the  valve  mnst  take  tlie  form 
as  shown  in  Fig.  4,  which  is  very  near  to  Hornblower's  original  double 
beat  valve. 

The  same  principle  applies  to  the  Cornish  valve.  The  common 
apex  may  be  considered  as  the  point  of  no  movement,  every  other 
]iart  expanding  radially  therefrom. 

Even  if  the  preliminary  conditions  which  I  have  requii'cd  cannot 
be  secured,  it  would  seem  that  a  correct  construction  w-ould  diminish 
the  chances  of  leaky  valves,  and  perhaps  do  away  with  them  altogether. 


Alloys  of  Copper  and  Manganese. — An  alloy,  containing  70 
per  cent,  of  coj)per  and  30  i)cr  cent,  of  manganese,  is  emjjloyed  in  Ger- 
many as  an  addition  to  brass  or  to  bronze,  in  order  to  increase  the 
density,  the  tenacity  and  tlie  ductility  of  those  metals.  The  manganese, 
in  consequence  of  the  ease  with  Avhich  it  oxidizes,  prevents  the  forma- 
tion of  the  oxides  of  copper  or  tin  which,  in  the  ordinary  process,  alter 
the  nature  of  the  product.  The  employment  of  metallic  manganese  is 
also  recommended  for  the  same  end.  The  addition  of  from  one  quarter 
to  one  per  cent,  of  the  manganese,  or  of  from  three-quarters  to  three  per 
cent,  of  the  alloy  of  manganese  and  copper,  produces  castings  without 
l)low  holes.  A  larger  proportion  of  manganese  hardens  the  metal  and 
gives  to  the  bronze  properties  similar  to  those  of  steel. — Ball,  clu  Mus 
(le  rind,  de  Belg. 
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DESCllIPTION  OF  AN  APPARATUS  FOR  ILLUSTRATING 
"THE  ABERRATION  OF  LIGHT." 


By  Thomas  William  Toijix, 

Prufcssor  of  Chemistry  and  Pliysics,  Central  L'nivt-rsity,  Kichniond,  Ky, 


Amongst  the  many  appliances  of  the  modern  ])liysical  laboratory  for 
the  illustration  or  explanation  of  natural  phenomena,  I  do  not  know 
of  any  specially  devoted  to  that  somewhat  complex  yet  beautiful  prin- 
ciple, the  "aberration  of  light."  Tiie  illustration  of  "a  projected 
stone  passing  through  a  railroad  car  while  in  motion  "  is  one  only  of 
comparison,  and  does  not  present  satisfactorily  the  actual  phenomenon 
to  the  mind  of  a  student.  With  this  fact  in  view,  I  constructed  a 
piece  of  simple  mechanism,  which  is  actually  a  model  of  the  reality, 
and  the  experiment  having  proved  successful,  I  herewith  append  a 
description  of  it  for  general  use: 


The    construction  will    be    easily   understood   by  reference   to  the 
accompanying  diagram ;  c  d  is  a  movable  disc  in  connection  with  the 
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pinion  a;  6  is  a  grooved  wheel  on  the  same  axle  as  the  pinion,  attached 
to  which  is  a  silk  cord  passing  over  the  fixed  pulleys  /  and  F,  thence 
to  a  counterweight  at  the  back  of  the  disc  ed;  ^  is  a  silvered  glass 
bead  on  the  silk  cord ;  the  whole  is  mounted  on  a  stand  e. 

In  the  3-ear  1725  Dr.  Bradley,  while  making  observations  upon  the 
fixed  stars,  with  a  view  of  finding  parallax  and  distance,  discovered 
the  displacement  of  their  images  in  the  heavens.  He  explained  in  a 
satisfactory  manner  the  cause  in  the  aberration  of  light.  By  subse- 
quent minute  observations  upon  the  character  of  the  phenomena,  this 
aberration  was  accounted  for  by  the  progressive  motion  of  light,  which 
he  tlius  found  to  be  192,600  miles  per  second. 

Romer,  the  Danish  astronomer,  had,  some  50  yciirs  previously,  also 
in  an  unexpected  manner,  determined  the  velocity  of  light,  by  observa- 
tions of  Jupiter's  satellites,  to  be  192,000  miles  per  second. 

Xow,  the  apparatus  already  described  is  intended  to  explain  how 
this  velocity  by  Bradley  was  ascertained.  Suppose  the  ob.server  to  l)e 
stationed  at  B  and  the  earth  stationary  in  space ;  the  image  of  a  star, 
-a  little  to  the  left  of  the  zenith,  coming  in  the  direction  E'  B  would 
enter  his  telescope  in  that  line.  The  velocity  with  Avhicli  the  image 
■entered,  great  or  small,  would  not  affect  tlic  direction  of  the  line  of 
sight.  Let  now  the  image  of  a  star  at  A  be  represented  by  the  sil- 
vered bead,  having  a  velocity  AD  per  second  of  time ;  in  other  words, 
let  the  distanced!)  represent  the  velocity  of  light  per  second.  While 
the  image  would  appear  in  the  line  AD  to  an  observer  at  D,  if  tlie 
earth  were  stationary,  a  very  different  result  presents  itself  to  the 
observer  at  B,  Avhen  the  earth  has  motion  in  the  direction  BD.  Xow, 
we  will  lake  BD  to  represent  the  velocity  of  the  earth's  motion  in 
space  during  one  second,  and  the  mechanism  of  the  apparatus  Avill 
then  show  i\\Q  progressive  motion  of  the  image  A  towards  the  observer 
at  B;  it  will  follow  the  dotted  line  AB.  The  arc  at  (7  represents  the 
angle  of  displacement  or  aberration. 

The  problem  of  Dr.  Bradley  may  be  now  easily  stated :  DB,  the 
motion  of  the  earth  in  space,  was  known ;  the  arc  C  he  ascertained  bv 
observation  to  be  20  seconds ;  the  line  AD,  representing  the  velocity 
of  light,  he  calculated  hx  simple  trigonometry  to  be  192,600  miles. 
It  was  one  of  the  most  interesting  and  important  astronomical  discov- 
eries ever  made,  and  confirmed  Romer's  previous  discoverv  of  the 
progressive  motion  of  light. 
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Ox  THE  ACID  PKODUCTS  ov  the  COMBUSTION  of  COAL. 


An  essay  reatl  l)y  Mr.  Vixcotte,  Engineer-in-Chief  of  tlie  Assofiiiiion  of  Bruxelles, 
Belgium,  to  tlie  Meeting  of  tiie  Engineens-in-Ciiief  of  the  Association  of 
Proprietors  of  Steam  Aitparatus,  lield  at  Lille,  the  head- 
quarters of  the  Association  of  the  North  of 
France,  on  the  9th,  10th  and 
11th  of  July,  1876, 

Translated  by  Chief  Engineer  Isherwood,  U.  S.  Xavv. 


The  gases  of  combustion  deposit  on  the  heating  surfaces  of  boilers 
dilferent  sub.stances  of  great  importance  as  regards  the  durability  of 
the  metal  composing  those  surfaces  and  its  power  of  transmitting  heat. 
These  substances  are  principally  soot,  tarry  matter,  sulphuric  acid  and 
ammoniacal  salts. 

The  quantity  of  soot  in  the  gases  depends  on  the  kind  of  coal  con- 
sumed and  on  the  intensity  of  the  chimney  draught,  but  whether  great 
or  small,  a  portion  is  ahvays  dei)osited  on  the  heating  surfaces. 

The  soot  in  immediate  contact  with  the  surfaces  is  cooled  by  them 
below  the  temperature  of  combustion,  but  when  the  deposit  attains  a 
certain  thickness,  the  portion  most  distant  from  the  surfaces  burns 
whenever  the  hot  gases  of  combustion  passing  over  it  contain  sufficient 
free  oxygen.  The  thickness  of  the  soot  deposit  which  escapes  com- 
bustion depends  on  the  temperature  of  these  gases  at  any  particular 
point  considered,  and  should,  therefore,  after  the  boiler  has  been  some 
time  in  use,  be  found  to  increase  from  the  furnace  to  the  chimney. 

On  all  the  heating  surfaces  where  the  gases  of  combustion  have  a 
sufficiently  elevated  temperature  to  burn  the  outer  portion  of  the  soot 
deposit,  the  unburnt  inner  portion  is  found  covered  with  a  white  layer 
of  ash  from  the  burnt  portion,  and  this  ash  has  a  thickness  limited 
only  by  its  cohesion;  generally,  it  increses  until  the  surfaces  are  swept. 

On  the  heating  surfaces  where  the  temperature  of  the  gases  of  com- 
liustion  is  too  low  to  ignite  the  soot,  the  latter  remains  black  and  its 
thickness  continually  increases  until  it  falls  off  by  its  own  weight,, 
which  does  not  happen  soon.     The  following  are  some  examj)les: 

1st.  The  case  of  a  boiler  with  a  feed- water  heater.  The  gases  of 
combustion  pass  first  beneath  the  boiler  and  then  return  enveloping 
the  heater. 
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The  soot  deposit  has  the  appearance  described  below;  I  analyzed 
.•specimens  from  two  places,  one  in  the  boiler  at  the  end  of  the  line 
beneath  it,  the  other  in  the  heater  not  far  from  its  chimney  end. 

On  the  boiler  the  soot  formed  three  layers :  one  grey,  passing  insen- 
sibly into  the  second  which  was  black;  the  third  layer,  under  which 
the  boiler  iron  was  white,  was  formed  of  the  white  matter  above 
described.  On  the  heater  there  were  but  two  layers;  the  outer  one 
•was  greyish-black  and  the  inner  one  was  white  at  its  contact  with  the 
metal. 

Deposit  from  the  Boiler. 


(1)  Mixture  of 
the  two  exte- 
rior layei"s. 

(2)  "NVIiite  substance 

in  contact  with  the 

metal.     Specimen 

taken  l)eneatli  the 

pi-eceding  one. 

Ferric  sulphate  and  ferrous 

sulphate,     72-00 

89-00 

Ferric  oxide  and  alumina, 

.     18-00 

0-00 

Free  sulphuric  acid, 

0-00 

2-00 

Sulphate  of  lime. 

.       0-00 

5-00 

•Carbonaceous  matters,  . 

5-00 

3-00 

Silica,      .... 

.       1-00 

1-00 

Water, 

4-00 

0-00 

100-00 


100-00 


Deposit  from  the  Heater. 


(3)  Exterior  layer. 

(4)  White  sulistance 

in  contact  with  tlie 

metal. 

Ferric  sulphate  and  ferrous 

sul2)hate. 

37-00 

81-00 

Ferric  oxide  and  alumina. 

. 

. 

3-00 

3-00  (alumina) 

Free  sulphuric  acid, 

. 

. 

3-00 

2-00 

Sulphate  of  lime, 

. 

. 

6-00 

0-00 

•Sulphate  of  ammonia. 

. 

2-00 

3-00 

•Carbonaceous  matters. 

. 

. 

22-00 

0-00 

Silica, 

. 

3-00 

0-00 

Water,     .... 

24-00 

11-00 

100-00  100-00 

The  boiler  and  the  heater  had  some  very  small  leaks,  passing  prob- 
iil)ly  only  a  few  drops  of  water.  Xevertheless,  each  leak  was  sur- 
rounded bv  a  small  cavitv  filled  with  iron  rust  and  with  calcareous 
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salts  deposited  from  the  \\  ater.     I  analyzed  the  products  of  this  corro- 
sion and  obtained  tlio  foliowin*^: 

(o)  Leaks  near   (0)  Leaks  near  (7)  Leak  in     (8)  Leak  in 

specimens  1        specimens  8  tlie                   the 

and  2.                and  4.  lieater.             heater. 

Ferric  sulphate,    .         .       G'OO           65*00  0-00             4-00 

Sulphate  of  lime,      .         28-00             4-00  8*00           13-00 

Ferric  oxide  and  alumina,  65-00           24*00  23-00           77-00 

Silica,       ...           1-00             2-00  2-00             3-00 

Carbonate  of  lime,        .       O'OO             0-00  67-00             0-00' 

Carbonaceous  matters,          0-00             5-00  0-00             3-00' 


100-00         100-00         100-00         100-00 

If  a  piece  of  iron  be  plunged  into  a  mixture  of  water  and  any  one 
of  the  substances  2,  3  or  4,  it  will  be  violently  attacked,  vr'iih  disen- 
gagement of  hydrogen  and  formation  of  ferric  sulphate.  Frtmi  this 
the  inference  is  natural  that  a  rapid  corrosion  of  the  boiler  metal 
will  be  produced  every  time  the  soot  becomes  humid.  The  great 
variety  observed  in  the  products  of  corrosion  depends  on  whether  the 
leaks  are  of  long  standing  or  recent,  and  are  probably  influenced  by 
different  circumstances. 

2d.  The  case  of  a  boiler  formed  with  two  principal  shells  juxtaposed, 
and  a  feed-water  heater. 

On  the  two  principal  shells  the  soot  formed  the  three  layers  above- 
described.  After  the  boiler  had  been  some  time  out  of  use  the  appear- 
ance of  the  soot  completely  changed;  it  fell  from  the  metal  in  the 
form  of  a  shriveled  skin,  and  the  layers  no  longer  continued  distinct. 

The  exterior  layer  was  analyzed  at  three  different  periods : 

1st.  Immediately  after  the  boiler  was  put  out  of  use. 

2d.  Some  days  afterwards.    . 

3d.  About  a  month  afterwards. 

The  last  two  specimens,  however,  did  not  represent  the  pure  exterior 
layer,  for  at  the  end  of  a  month  it  could  not  be  separated  from  the 
second  one. 

The  specimen  taken  immediately  after  the  boiler  was  out  of  use  wa;* 
white  and  very  dry.  It  contained  only  traces  of  the  salts  of  iron, 
and  was  composed  principally  of  alumina  and  silica,  with  a  little 
aniraonia  and  a  very  notable  quantity  of  sulphates  of  alumina  and  of 
lime. 
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The  specimen  taken  after  some  time  was  pinkish-white  and  a  little 
iftietuous  to  the  touch.     It  contained 

Free  sulphuric  acid,         ....  3"00 

Ferric  sulphate,         ....  77*00 

Sulphate  of  ammonia,     ....  2'00 

Sulphate  of  alumina,  .  .  .  5'00 

Sulphate  of  lime,  ....  3'00 

Ferric  oxide,  ....  4*00 

Silica,       ......  3-00 

Water, 3-00 


100-00 
The  specimen  taken  after  a  month  had  diiferent  tints  of  grey  mixed 
\?ith  ysllowish-green.     It  was   unctuous   to  the  touch,  and   had   the 
following  composition : 

Water,  by  desiccation  at  212°  Fahr.,        .  .  3<3-l 

Anhydrous  sulphuric  acid,  calculated,  .         36'0 

Ferric  oxide,  .  ...  2()*7 

Ammonia,    alumina,    bituminous    matters,    and 

water  of  combination,  .  .  .  7-2 


100-0 

From  the  above  it  is  probable  that  the  exterior  white  layer  con- 
tained neither  free  acid  nor  sulphate  of  iron  during  the  time  the  boiler 
was  in  use,  and  that  these  substances  were  formed  afterwards  by 
imbibition  when  the  two  exterior  layers  became  humid. 

3d.  The  case  of  a  horizontal  boiler  with  two  feed-water  heaters. 
At  the  time  of  my  examination  it  had  been  out  of  use  a  month,  and 
the  deposit  on  the  heating  surfaces  of  the  boiler  was  in  three  layers. 

On  the  exterior  the  substance  was  white,  soft  to  the  touch,  and  very 
light.  Beneath  was  a  blackish  substance  forming  broad  scales;  finally, 
in  contact  with  the  metal,  was  a  light  layer  of  rust. 

The  black  scaly  matter  melted  by  heat  in  its  own  water  of  crystal- 
lization, and  had  the  following  composition  : 

Sulphuric  acid,         .              .              .              .  .24 

Ferric  oxide  and  alumina,           .              .              .  -37 

Ammonia,  .              .              .              .              .  .2 

Silica,    ......  3 

Carbonaceous  matters,          .              .              .  .1 

Water, 33 

100 
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The  \\  liite  matter  contained 

Siil[)lHiri('  acid,         .              .              .  .              .12 

.Vluinina  and  ferric  oxide,           •  .              .54 

Silica,           .              .              .              .  .              .14 

Organic  matters,              ....  2 

Water,         .              .              .              .  .              .   IH 


100 

The  corrosion  is  here  seen  in  successive  action. 

The  white  substance  immediately  in  contact  with  the  metal  has 
disappeared,  and  the  rust,  mixed  with  different  salts,  occupies  its  i)lace. 

The  black  layer  contained  ferrous  and  ferric  sulphates;  it  has 
become  hydrated  and  the  salts  have  crystallized,  giving  the  mass  the 
appearance  of  black  scales. 

Along  the  lines  of  the  rivets  of  the  heaters  were  various  leaks, 
which  had  strongly  corroded  the  metal. 

The  white  substance  in  contact  with  the  metal  has  become  trans- 
formed into  a  layer  of  rust,  as  always  happens  when  boilers  are  out  of 
use. 

4th.  The  case  of  a  boiler  having  interior  furnaces,  and  in  which  the 
gases  of  combustion  pass  first  through  the  flues  behind  the  furnaces, 
then  return  through  two  flues  by  the  sides  of  the  boiler,  and  thence 
descending,  pass  in  the  original  direction  through  a  flue  beneath  the 
bottom  of  the  boiler. 

In  1873  the  existence  of  laree  leaks  in  all  the  flues  of  this  boiler 
was  known.  The  whole  of  the  metal  was  corroded  to  depths  of  from 
j^  to  ^  of  an  inch.  The  defective  rivets  were  made  tight;  the  leaks 
ceased,  and  with  them  the  corrosion. 

The  deposit  on  the  heating  surfaces  had  the  ordinary  appearance. 
In  the  side  flues  the  white  substance  in  contact  with  the  metal  was 
very  abundant,  and  had  the  following  composition : 

Anhydrous  ferrous  sulphate,  .                 .  .28 

Sulphate  of  alumina,      .                 .                 .  17 

SilJca,     .                 .                  .                  .  .8 

Alumina,         .                  .                  .                  .  6 

A\'ater,    .                 .                  .                 .  .40 

Metallic  iron,                   ...  1 

100 
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The  metallic  iron  came,  without  doubt,  from  the  action  of  the 
chisel  employed  to  detach  the  .specimen. 

The  sub.stance  contained  a  great  deal  of  water,  nevertheless  the 
metal  was  not  rusted,  which  seems  due  to  the  fact  that  there  was  fer- 
rous sulphate  instead  of  ferric  sulpliate,  the  former  being  crystalline 
and  dry  notwithstanding  the  water  it  contained. 

5th.  The  case  of  a  vertical  boiler  with  flat  flues,  heated  exteriorly. 
The  examination  took  place  three  days  after  the  boiler  had  been  put 
■out  of  use.  All  the  heating  surfaces  were  covered  with  a  substance 
unctuous  to  the  touch,  and  of  a  grey  mixed  with  yellow  and  green 
color.  A  .specimen  taken  from  the  flues  at  mid-height  had  the  folloAV- 
ing  composition : 

Ferric  sulphate,      .  .  .  .41 

Ferric  oxide,  .  .  .18 

Sulphate  of  alumina,  .  .  .9 

Alumina,         ....  9 

Silica,     .  .  .  .  .7 

Sulphate  of  lime,  ...  6 

Water,   .  .  .  .  .10 


100 

The  seams  of  this  boiler  showed  some  small  leaks,  which  had 
deeply  pitted  the  metal. 

It  is  needless  to  here  dwell  on  the  di.sastrous  influence  which  the 
soot  exercises  on  the  transmission  of  heat  as  soon  as  its  thickness 
becomes  sensible,  and,  consequently,  on  the  necessity  of  frequently 
sweeping  all  the  heating  surfaces. 

When  fat  coal  is  consumed  only  several  days  are  required  to  form  a 
layer  of  soot  so  thick  that  sweeping  will  not  appear  superfluous,  but 
with  the  coal  ordinarily  used  in  steam  boilers  a  much  longer  time  is 
required,  and  a  monthly  sweeping  produces  marked  eifects. 

Besides  soot,  the  gases  of  combustion  always  contain  a  certain  quan- 
tity of  tarry  matters  in  the  state  of  vapors,  which  condense  on  contact 
with  the  heating  surfaces  and  form  upon  them  a  layer  of  pitch. 

AVith  fat  coal  all  the  heating  surfaces  are  sometimes  found  covered 
with  pitch,  but  in  general  only  those  nearest  the  furnace  are  thus 
coated.  The  furnace  surfaces  have  oftenest  no  other  deposit  than  a 
thin  layer  of  black  pitch,  which  is  useful  in  showing  whether  they 
have  been  overheated.     In  tact,  it  can  be  taken  as  a  rule,  even  with 
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the  lean  semi-fat  coal  generally  used,  that  the  plates  of  the  furnaces 
wiiere  no  layer  of  pitch  is  found  have  been  too  much  heated,  cither 
because  of"  insufficient  cleaning,  or  too  much  forcing  of  the  fires. 

There  does  not  appear  a  satisfactory  theory  of  the  formation  of  the 
sulphuric  acid.  It  may,  indeed,  be  said  that  all  the  coals  burned  in 
boilers  contain  sulj^hur,  whose  combustion  would  naturally  pnxluce 
-iilplmrous  acid,  which  encounters  amid  the  gases  of  combustion  free 
oxygen,  aqueous  vapor,  and  other  substances  necessary  to  its  transfor- 
mation into  sulphuric  acid ;  but  what  those  substjuices  are,  or  how 
they  react  is  unknown.  Be  that  as  may  be,  it  is  found  on  all  the  heat- 
ing surfaces  not  coated  with  pitch,  and  forms  there  in  immediate  con- 
tact with  the  iron  beneath  the  soot  a  very  thin  layer  of  ferric  sulphates, 
with  which  it  remains  mixed. 

The  quantity  of  acid  thus  found  on  the  heating  surfaces  is  so  much 
the  greater  as  their  temperature  is  lower.  It  increases  from  the  fur- 
nace to  the  chimney,  and  when  the  boilers  are  fitted  with  feed  water 
heaters  the  acid  is  most  abundant  on  them,  w^here  it  is  found  not  only 
in  contact  with  the  metal,  but  throughout  the  whole  layer  of  soot 
there,  which  is  impregnated  with  it. 

Possibly  the  more  or  less  sulphur  in  the  coal  may  influence  the 
quantity  of  acid  which  the  heating  surfaces  condense.  I  have  not  yet 
had  the  opportunity  of  making  a  formal  investigation,  but  at  the  first 
view  the  phenomenon  presents  itself  rather  as  if,  with  all  the  ordinary 
coals,  there  always. existed  a  great  excess  of  acid,  of  which  the  heating 
surfaces  condense  as  much  as  their  temperature  permits.  The  quan- 
tity of  sulphur  in  the  coal  would  then  only  have  influence  on  the  time 
required  for  the  production  of  that  amount  of  acid,  and  as  in  the 
circumstances  necessary  to  be  reproduced  the  acid  and  the  iron 
remain  in  the  presence  of  each  other  without  combining,  the  percent- 
age of  sulphur  in  the  coal  would  only  have  to  be  considered  for  the 
case  in  which  the  acid  attacks  the  iron  and  constantly  corrodes  it. 

To  sum  u}),  when  a  boiler  is  heated  with  semi-fat  coal  and  exam- 
ined after  the  fire  is  withdraAvn,  the  heating  surfaces  are  found  covered 
with  the  following  products  of  the  combustion : 

1st.  Above  the  fire  is  a  thin  layer  of  very  dry  pitch  mixed  with 
soot,  and  ordinarily  a  little  acid  and  astringent ;  if,  however,  portions 
of  the  surface  have  been  overheated  the  pitch  will  have  disappeared 
from  them.     Upon  the  pitch  is  some  clinker,  derived  from  the  ash 
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mechanically  carried  up,  which,  being  intercepted  by  the  rivet  heads 
and  other  projections,  is  partially  fused  there. 

2d.  Farther  on  are  found  three  very  distinct  layers.  The  first,  in 
immediate  contact  with  the  iron,  is  thin  and  white ;  it  is  composed  of 
from  80  to  90  per  centum  of  ferrous  and  ferric  sulphates,  2  to  3  per 
centum  of  free  sulphuric  acid,  a  small  quantity  of  ammoniacal  salts^ 
sulphate  of  lime,  etc.  Under  this  layer  the  iron  is  white  and  clean ; 
sometimes  it  is  brilliant. 

The  next  layer  is  black  soot  mixed  with  a  little  acid,  and  with  salts 
of  iron  and  ferric  oxide,  derived  probably  from  anterior  decomposi- 
tions. This  layer  of  black  soot  increases  in  thickness  as  we  proceed 
towards  the  chimney. 

Lastly,  the  outer  layer  is  composed  of  a  wliite  or  pinkLsh  substance,, 
very  soft,  very  adhesive,  and  very  dry,  composed  of  alumina,  silica^ 
and  sulphate  of  lime,  and  when  of  great  thickness  its  external  portion 
.sometimes  melts,  and  forms  small,  greenish,  vitreous  grains.  Ordina- 
rily the  layer  is  compact,  but  sometimes  when  very  fat  coal  is  used,  it 
is  flaky. 

:3d.  Still  farther  towards  the  chimney  the  outer  layer  diminishes  in 
thickness,  and  disappears  after  having  become  greyish.  There  is  then 
found  only  the  white  and  acid  substance  in  contact  Avith  the  iron,  and 
the  black  soot  whidi  sometimes  becomes  from  f  to  f  of  an  inch  thick 
when  not  removed  by  sweeping. 

With  fat  coal  the  difference  is  that  the  layer  of  pitch  extends  farther 
at  the  expense  of  the  surface  covered  by  the  acid. 

As  soon  as  the  boiler  is  put  out  of  use  the  different  products  just 
enumerated  become  rapidly  modified,  and  an  examination  finds  them 
under  very  varied  forms. 

The  sulphuric  acid  quickly  attracts  the  surrounding  humidity^ 
becomes  diluted,  and  })enetrates  by  imbibition  into  the  soot  which 
absorbs  it. 

The  mixture  of  ferrous  and  ferric  .salts  acts  in  an  analogous  way,, 
depending,  however,  in  a  very  notable  manner  on  its  composition, 
wliether  ferrous  or  ferric.  When  there  is  only  a  little  ferrous  sulphate 
it  attracts  enough  humidity  to  furnish  its  water  of  crystallization,  and 
crystallizes  into  a  very  dry  substance,  which  is  only  transformed  slowly 
and  has  not,  under  ordinary  circumstances,  further  action  on  the  metal. 
The  ferric  salts,  on  the  contrary,  when  in  certain  quantity,  are  deli- 
quescent or  not,  according  to  the  hygrometric  state  of  the  flues.     I 
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Iiavc  liad  s[)eciineiis  which  in  one  corner  of"  iiiv  hiborutorv  wore  deli- 
<[uesceiit  iuul  ill  another  wanner  c(jrner  were  not. 

The  soot,  wlien  sutfieiently  moistened,  diniinislics  greatly  in  volume. 
It  often  becomes  loosened,  twists  like  a  peeling  and  hangs  from  the 
heating  surfaces  in  tatters,  of  which  a  large  portion  falls  at  the  first 
accession  of  heat. 

Tlie  acid,  once  slightly  diluted,  attacks  the  iron.  U'he  ferric  salts 
iict  in  the  same  manner,  and  after  a  time,  de})ending  on  the  humidity 
-of  the  flues,  the  Avhite  layer  in  contact  with  the  iron  grows  yellowish, 
and  then,  little  by  little,  changes  into  a  thick  layer  of  rust,  impregnated 
with  sulphate  of  iron.  It  is  by  the  appearance  of  this  layer,  after  the 
l)oiler  has  been  some  days  out  of  use,  that  we  ascertain  whether 
the  fines  are  humid.  If  it  grows  yellowish  after  two  or  three  weeks, 
Ave  can  conclude  that  the  thickness  of  the  metal  is  rapidly  undergoing 
.a  general  diminution,  and  that  this  corrosion  is  due  to  humidity, 
who.se  cause  should  be  discovered  and  removed. 

As  regards  the  preservation  of  boilers,  all  the  preceding  is  summed 
up  in  some  leading  facts. 

1st.  Nearly  all  the  heating  surfaces  of  a  boiler  are  covered  with 
sulphuric  acid,  but  this  acid  attacks  them  only  in  an  insensible  manner. 
Boilers  forty  years  old.  are  met  with  whose  heating  surfaces  have  always 
been  covered  with  acid  without  diminisliing  their  thickness  2V  of  an 
inch. 

2d.  As  soon  as  this  acid  in  any  way  acquires  humidity,  it  becomes 
very  corrosive  and  rapidly  pits  the  iron. 

3d.  An  examination  of  the  fines  shows  at  a  glance,  simply  by  the 
appearance  of  the  products,  if  humidity  be  present.  If  it  be,  the 
oause  must  at  once  be  discovered  and  the  efiects  ascertained. 

The  principal  causes  of  corrosion  by  the  acid  products  of  the  com- 
bustion of  coal  that  I  have  observed  are  the  following: 

Lst.  Leaks. — Although  any  water  that  may  be  leaked  into  the 
.strongly  heated  fines  dries  quickly,  there  always  remains  around  the 
leak  a  small  humid  zone,  where  the  acid  in  the  gases  of  combustion 
preferably  condenses,  becomes  diluted,  and  then  acts  upon  the  metal. 
In  the  cooler  fines  the  effects  of  leaks  are  worse,  inasmuch  as  the 
extent  of  surface  wetted  is  greater. 

As  regards  leaks,  it  is  important  to  ascertain  in  each  case  whether 
they  are  due  to  local  causes  or  to  a  general  cause.  If  local,  a  repair 
stops  them;    if  general,  the  fault  may  not  be  in  the  workmanship  of 
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the  boiler  itself — it  may  be  in  the  arrangement  of  the  flues,  in  tlie 
manner  of  feeding,  or  in  tlie  forced  combustion,  in  which  cases  the 
leaks  will  continue  to  break  out  as  often  as  they  are  stopped.  Adding 
another  boiler  often  stops  the  leaks  of  the  others. 

2d.  The  humidity  present  at  the  front  of  boilers,  and  which  is- 
carried  into  their  flues  by  the  draught  when  the  boilers  are  out  of  use, 

I  have  witnessed  cases  where  a  gutter  passing  in  front  of  boilers 
received  their  water  when  run  out.  This  gutter  also  received  the  dis- 
charge from  several  gauge-cocks,  so  that  aqueous  vapor  was  always 
rising  from  it.  After  some  time  all  the  boiler  plates  were  notably 
rusted. 

In  other  cases  the  boiler  water  was  run  out  into  the  ashpit,  during-^ 
which  operation  the  aqueous  vai)or  entered  the  flues,  diluted  the  acid 
products,  and,  at  each  time  the  boiler  was  allowed  to  cool,  pitted  its 
plates  a  little.  A  cause  of  humidity  that  only  operates  occasionally 
suffices  to  destroy  a  boiler  at  the  end  of  .several  years. 

3d.  The  natural  or  artificial  humidity  of  the  flues. 

Above  all,  it  is  necessary  that  water  should  not  enter  the  flues  whenr 
the  boiler  is  ran  out  or  emptied,  becau.se  they  would  then  continue 
humid  all  the  time  the  boiler  remained  out  of  use,  and  the  corrosion 
would  rapidly  go  on.  It  is  also  necessary  to  prevent  any  water  that 
may  fall  on  the  masonry  or  setting  of  the  boiler  from  entering  the- 
flues. 

4th.  The  too  low  temperature  of  some  of  the  flues. 

If  the  hygrometric  state  of  the  ga.ses  of  combu.stion  be  such  that 
the  aqueous  vapor  they  contain  can  conden.se  on  the  heating  surfaces  of 
the  boiler  or  of  its  feed- water  heater,  these  .surfaces  will  remain  con- 
stantly humid  and  rust  very  rapidly. 

5th.  When  the  flues  of  a  boiler  out  of  use  are  in  communication 
with  the  flues  of  another  boiler  in  use,  the  acid  vapors  in  the  gases 
of  combustion  from  the  latter  will  condense  on  the  heating  surfaces 
of  the  former. 

Heating  Boilers  by  Electricity.— Charles  Davis,  of  Paris, 
proposes  to  fasten  a  number  of  spirally  wound  platinum  wires  in  an 
ordinary  steam  boiler,  and  to  send  through  them  an  electrical  current 
of  sufficient  strength  to  boil  the  water.  He  does  not  say  how  he  will 
produce  the  requisite  amount  of  electricity,  nor  at  what  cost  per  horse 
power  he  expects  to  furnish  the  steam. — Dingier  s  Jour.  C. 
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MICA. 
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Ul'  commonly  occurring  minerals,  few  are  more  remarkable  than 
tlio.sc  of  the  mica  family.  Originally,  the  word  mica  was  a])i)lied  to 
a  variety  of  minerals  closely  resembling  each  other,  then  su])posed  to 
be  identical,  but  which  the  advance  of  science  lias  shown  to  be  di.stinet 
species,  so  that  now  the  term  is  a})plied  to  a  large  cla.ss  of  minerals,  the 
<listinguisliing  characteristic  of  which  is  their  readily  splitting  into  thin 
lamime. 

Common  mica,  or  Muscovite,  is  very  abundant  in  most  of  the  older 
rocks,  it  being  a  constituent  of  gneiss,  granite  and  micaschist. 

It  splits  into  thin  laminae,  or  leaves,  very  readily.  This  is  due  to 
cleavage,  or  the  property,  possessed  by  most  crystalline  substances,  of 
breaking  most  readily  in  certain  planes,  which  bear  a  relation  to  the 
axes  of  the  crystals.  For  instance,  take  a  crystal,  or  fragment  of  a 
crystal,  of  galena,  or  of  rock  salt ;  break  it  into  small  pieces,  and 
these,  if  you  will,  again  and  again,  even  until  a  microscope  is  needed 
to  see  the  form  of  the  grains;  nearly  all  the  fragments,  large  and 
small,  will  be  found  to  be  rectangular  in  shape,  or  with  sides  parallel 
to  the  faces  of  a  cube,  the  crystals  dividing  readily  into  that  form,  and 
into  no  other.  If  fluor  spar  be  treated  in  like  manner,  the  surfaces  of 
its  fragments  will  be  found  to  be  parallel  to  the  faces  of  an  octahedron. 
A  crystal  of  common  feldspar,  or  orthoclase,  similarly  treated,  M'ill 
give  rectangular  cleavages  on  four  sides,  but  the  remaining  sides  will, 
in  almost  all  specimens,  be  found  to  be  wholly  destitute  of  cleavage, 
and  to  break  with  difficulty,  and  irregularly.  The  readiness  with 
which  the  specimens  will  cleave  will  be  found  to  differ.  The  galena 
breaks  with  great  ease  into  perfectly  rectangular  block.s,  with  smooth 
and  shining  surfaces,  the  salt  likewise,  but  less  easily;  the  fluor  .spar 
breaks  still  less  readily,  and  more  care  is  required  to  obtain  a  smooth 
surface ;  the  feKl-spar  breaks  with  great  ease  in  one  direction,  and  with 
much  less  ea.se  in  the  other  at  right  angles.  These  examples  Avill  help 
us  to  understand  the  cleavage  of  mica.  It  (generally)  cleaves  in  one 
direction  only,  but  in  that  direction  its  cleavage  is  almo.st  perfect,  and 
very  easy  indeed.    To  this  property,  and  to  the  fact  that  it  is  unaltered 
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by  a  moderate  lieat,  is  due  its  large  use  for  doors  for  stoves,  etc.,  for 
closing  the  eye  holes  of  blast  furnaces,  and  other  similar  purposes. 
Occasionally  a  second  cleavage  exists,  and  when  this  is  the  case  the 
result  is  long  fibres  almost  hair-like  in  appearance. 

Chemically,  mica  is  a  silicate  of  alumina  and  potash  with  a  small 
amount  of  iron,  magnesia  and  soda,  and  usually  from  one  to  five  per 
cent,  of  water. 

Another  remarkable  property  of  mica  is  its  great  elasticity  and 
toughness.  It  is  equaled  in  these  respects  by  very  few  materials,  and 
in  the  combination  of  the  two  it  is  probably  excelled  by  nothing- 
natural  or  artificial. 

Granite  is  composed  of  crystals,  or  crystalline  masses,  of  inica,  quartz 
and  feldspar ;  sometimes  the  crystals  or  masses  are  very  small,  as  in 
common  granite ;  sometimes  very  large,  and  when  so,  the  mica  becomes 
valuable;  the  granite  is  a  "mica  mine." 

Formerly,  nearly  all  the  mica  used  in  the  United  States  came  from 
Kussia,  whence  crystals  over  a  yard  in  diameter  are  said  to  have  been 
procured ;  but  now  several  mines  are,  and  have  been  wrought  in  the 
United  States,  especially  at  Grafton,  X.  H.,  and  in  "Western  Xorth 
Carolina. 

A  large  amount  of  mica  was  obtained  from  an  opening  in  the 
southern  part  of  Chester  county,  Pa.,  not  far  from  the  celebrated 
Dixon's  quarry.  It  occurred  in  a  granite  vein,  in  which,  as  is  very 
commonly  tlie  case,  the  feldspar  had  become  wholly  decomposed  into 
clay,  leaving  the  quartz  and  mica  unaltered.  The  vein  was  followed 
nearly  vertically  some  forty  or  fifty  feet.  Crystals  of  mica  over  two 
feet  across  and  weighing  over  a  hundred  pounds  were  obtained,  nuich 
of  it  of  excellent  quality,  but  some  of  it  rendered  nearly  opaque  bv 
dendrites  of  magnetic  iron  between  the  films  of  the  mica,  rendering  it 
useless  for  stove  purposes,  but  forming  cabinet  specimens  of  great 
beauty.  The  quarry,  Avhich  gave  promise  of  considerable  vield 
(properly  wrought),  was  neglected,  until  the  sides  of  the  excavation 
caving  in,  it  was  abandoned. 

As  we  have  stated,  the  varieties  of  mica,  now  di^inguishcd  In- 
mineral  ogists,  are  numerous — the  most  common  after  muscovite  are  : 

Biotite,  generally  of  a  dark  color — the  black  mica  so  abundant  in 
many  granitic  and  gneissic  rocks. 

Lepidomelane ;  black,  and  not  distinctly  separated  from  biotite. 
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I'liln^dpliitc  ;  generally  Ijrowii  or  red — the  iiiioa  oceurriiig-  in  linie- 
.-tones. 

Lepldnlite;  a  red  <>r  pink  mica  containing  the  rare  earth  lithia. 

Miea,  like  nio.st  other  minerals,  is  ibiind  to  change  by  long  exi)OSiirfr 
to  atmospheric  influences,  but  the  muscovite  .seems  lea.st  su.'^ceptible  to 
such  decomposition,  and  to  be  more  stable  than  the  feld.spar  which 
usually  accompanies  it, — there  results  a  micaceous  soil,  so  connnon  in 
some  parts  of  our  country,  as  in  Philadelphia.  Often  such  mica 
becomes  red  and  yellow  in  color,  probably  from  oxide  of  iron,  and  the 
instances  are  numerous  in  which  it  has  been  mistaken  for  gold.  It  is 
believed  that  the  cla.ss  of  minerals  known  as  the  vermiculites  have, 
resnltetl  from  an  alteration  of  mica,  chiefly  by  the  absorption  of  water. 
These  are  characterized  by  a  very  great  and  powerful  expansion  when 
heated.  This  expansion  increases  the  bulk  enormously,  and  the  force 
is  sufficient  to  break  a  test  tube  if  the  mineral  be  heated  in  it. 

Mica  ground  in  a  mill  increases  vastly  in  bulk  and  forms  a  loose 
light  mass  of  scales  not  unlike  bran.  It  is  largely  u.sed  in  this  form 
in  the  so-called  mica  powder  as  an  absorbent  of  nitroglycerine,  its 
peculiar  elasti(;ity  rendering  accidental  explosion  by  percussion  almost 
impossible,  while  it  does  not  interfere  with  the  energy  of  the  nitro- 
glvcerine  when  exploded  by  a  fulminate  or  other  similar  device. 

To  the  niicro.scopist  a  world  of  interest  may  be  found  in  the  micas^ 
Thev  frequently  contain,  between  the  layers,  microscopic  crystals  of 
minerals,  some  of  them,  especially  with  polarized  light,  forming  speci- 
mens of  wonderful  beauty.  Of  most  minerals,  sections  for  microscopic 
examination  must  he  made  by  the  laborious  process  of  grinding  and 
}X)lishing,  but  in  mica  we  may  almo.st  say  the  sections  are  made  by 
nature,  and  the  time  required  to  make  one  section  of  mo.st  minerals 
will  make  at  least  a  hundred  of  mica,  and  the  thickness  or  thinness  is 
a  matter  of  perfect  control. 

Perhaps  the  richest  mica  in  these  crystals,  at  least  in  variety,  is  that 
from  the  locality  mentioned  in  Chester  county.  Pa.  Most  abundant 
is  magnetite,  or  magnetic  iron,  usually  in  beautiful  arborescent  forms,., 
black  in  color,  but  sometimes,  probably  owing  to  a  change  into 
limonite  or  gothite,  various  shades  of  yellow.  Quartz  crystals,  gen- 
erally flattened,  sometimes  perfect,  are  not  uncommon,  and  form,  with 
polarized  light,  specimens  more  brilliant  than  any  other  mineral.. 
Besides  these,  various  other  forms  occur,  the  identification  of  Avhich 
w^ith  known  .species  has  not  yet  been  accomplished. — Science  Advocate^ 
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A  XEW  LECTURE  EXPERIMEXT— THE  CUPELLING 
OF  GOLD  AND  SILVER. 


Mr.  Holman,  the  Actuary  of  the  Institute,  has  constructed  a  lantern 
for  the  oxyhydrogen  light  which  combines  a  great  many  advantageous 
qualities.  It  may,  at  a  moment's  notice,  be  changed  into  a  vertical 
lantern  for  showing  precipitations,  the  action  of  a  magnet  on  iron 
filings,  etc.,  on  the  screen.  It  may  be  converted  into  a  projecting 
microscope  in  a  twinkling,  and  with  equal  facility  it  becomes  a  mega- 
scope for  projecting  the  image  of  solid  objects.  A  course  of  lectures  by 
Mr.  A.  E.  Outerbridge,  Jr.,  of  the  U.  S.  Mint,  was  recently  delivered 
before  the  members  of  tiie  Institute  on  "  Coins  and  Coinage."  By  the 
aid  of  Mr.  Holman's  apparatus  the  enlarged  images  of  rare  and  valu- 
able ancient  and  modern  coins  were  projected  upon  the  screen  with 
great  sharpness  and  brilliancy,  having  the  lustre  and  effect  of  relief  of 
the  coins  themselves,  and  the  lecturer  was  enabled  to  show  the  cupel- 
lation  of  gold  and  silver,  as  performed  in  the  assaying  of  the  precious 
metals  at  the  Mint,  in  a  very  beautiful  manner  to  the  entire  audience, 
thus  opening  up  a  new  field  of  usefulness  for  the  projecting  lantern  in 
illustrating  lectures  on  metallurgy. 

A  little  "  cupel "  or  crucible,  made  of  calcined  bone  ash,  was  held 
in  the  focus  of  the  light  from  the  condensing  lenses  of  the  lantern,  by 
means  of  a  ring  of  thick  copper  wire.  The  image  of  the  cupel  appeared 
upon  the  screen  greatly  enlarged.  The  cupel  was  then  heated  to  a 
white  incandescence  by  means  of  an  oxyhydrogen  blowpipe.  A 
weighed  sample  of  gold  alloy  containing  base  metal  was  enclosed  in  an 
envelope  of  sheet  lead  pressed  into  the  form  of  a  bullet;  this  was 
dropped  into  the  cupel  and  was  immediately  melted.  As  the  lead 
Ijecame  oxidized  it  was  gradually  absorbed  in  the  cupel,  forming  a  dark 
ring  in  the  bottom.  A  little  sheet  of  light  was  noticed  moving  over 
the  surface  of  the  molten  metal  as  the  non-oxidizable  precious  metal 
became  exposed  to  view ;  then,  at  the  moment  that  the  lead  became 
completely  absorbed,  carrying  with  it  all  the  base  metal  originally  con- 
tained in  the  alloy,  the  purified  precious  metal  became  visible  as  a 
brilliant  globule,  reflecting  the  light  falling  upon  its  surface  like  a 
mirror. 
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ON  THE  HEATING  POWKK  of  C()AJ>  GAS  of  DIFFP:RENT 

QUALITIES. 


By  i)i;.  \\.  Wallace. 

Keiul  at  llio  Meeting  of  the  Philosophieal  Society  of  Glasgow,  December  3,  1879. 


TliQ  oxten.sive  employment  of  coal  gas  for  heating  purposes,  and 
especially  for  cooking,  gives  an  interest  to  the  question  whether  the 
hcjitiug  power  varies  like  the  illuminating  power,  and  if  so,  to  what 
extent  in  the  gas  used  in  different  towns  ?  As  regards  illuminating 
power,  we  know  that  it  varies  exceedingly.  In  Aberdeen  and  Edin- 
burgh it  is  30  candles  for  5  cubic  feet  per  hour ;  in  Glasgow,  Paisley 
and  Greenock,  about  26  or  27  candles ;  in  Liverpool,  Manchester  and 
Carlisle,  about  20;  in  London  and  Dublin,  16;  in  Birmingham  and 
many  other  English  towns,  14;  and  in  some  as  low  as  12  candles.  But 
as  regards  heating  power  we  have  no  definite  information,  although 
there  is  a  general  belief  that  a  rich  gas  has  a  greater  calorific  effect  than 
one  of  poorer  photogenic  quality. 

My  attention  having  been  directed  to  the  subject  by  a  correspondent, 
I  caused  a  small  apparatus  to  be  made,  in  order,  when  opportunity 
offered,  to  test  the  matter  practically.  It  is  of  very  sim})le  construc- 
tion, consisting  of  a  cylindrical  tin-plate  vessel,  8  inches  in  diameter 
and  6  inches  high,  with  a  cylindrical  opening  in  the  centre,  H  inches 
in  diameter,  through  which  the  whole  of  the  products  of  combustion 
pass.  It  contains  exactly  one  gallon  of  water.  Below  is  a  brass  tube 
Lent  into  a  circle  5  inches  in  diameter,  and  pierced  with  34  small 
holes,  from  which  the  gas  burns  with  flames  about  f  of  an  inch 
high.  This  tube  is  placed  1  inch  from  the  bottom  of  the  vessel,  and 
is  surrounded  by  an  outer  case  having  a  sufficient  number  of  small 
holes  for  the  admission  of  air.  On  the  top  of  the  vessel  there  are  two 
openings,  in  one  of  which  a  delicate  thermometer  is  placed,  while  the 
other  is  provided  with  an  open  glass  tube. 

The  opportunity  of  using  the  apparatus  occurred  recently,  when  I 
had  occasion  to  test,  on  the  .same  day,  three  samples  of  coal,  whicJi  gave 
gas  of  33,  26  and  15  candle-power  respectively.  Each  experiment 
occupied,  as  nearly  as  possible,  thirty  minutes,  and  eonsi.sted  in  raising 
one  gallon  of  water  from  60°  to  160°F.,  and  measuring  the  quantity 
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•of  gas  consumed  in  the  operation.  The  system  is  by  no  means  a  per- 
fect one,  but  the  results  are  strictly  comparative.  These  are  arranged 
in  the  following  table: 

X  -JO  — 

iJL"—  ^>-,  ^  .-         o  5.-  0) 


•=    ~    ='^ 


=  ^  =  '^"^  <       J  >  '^        i  .5  ,^      il  ^  ^ 


Mills.  Sees.  Cub.  Ft. 

33-07       64     45       574       4s  lOd     1-916       522        4s    5d 
26-24       54     40       525       3s  lOd     2-200       455        3s  lOd 
14-75       39     35       442       2s    2d     2-888       347        2s  IIM 
The  heat  units  represent  the  number  of  pounds  of  water  heated 
1  °F.  by  the  combustion  of  one  cubic  foot  of  gas.     I  have  taken  Glas- 
gow gas  of  26  candles  at  3s.  lOd.  per  1000  cubic  feet  as  the  standard 
of  value,  and  it  will  be  seen  at  a  glance  that,  while  the  heating  value 
rises  and  falls  with  the  lighting  value,  the  amount  of  difference  is  by 
no  means  so  great  in  the  former  as  in  the  latter. 

Having  made  these  simple  but  instructive  experiments,  I  naturaliv 
wished  to  compare  the  results  with  the  theoretical  iieating  values 
obtained  by  calculation  from  the  composition  of  the  gases.  Unfortu- 
nately, I  had  no  apparatus  at  the  gas-works  where  tlie  experiments 
were  made  for  analyzing  the  gases,  and  the  best  I  have  been  able  to  do 
is  to  make  the  calculations  from  two  analyses  by  the  late  Dr.  Lethebv, 
one  of  12  candle  gas,  and  the  other  of  London  Cannel  gas,  the  illumi- 
nating power  of  Avhich  is  not  stated,  but  Avhich  may  be  assumed  to  be 
somewhere  between  22  and  23  candles.  The  analyses  are  given  onlv, 
as  is  usual  with  gaseous  mixtures,  by  volume,  but  I  have,  for  con- 
venience, calculated  the  composition  l)y  weight. 


defiant  gas,  etc.,  C'^H^, 
Marsh  gas,  CH^, 
Hydrogen, 
Carbonic  oxide. 
Carbonic  anhydride, 
Nitrogen, 
Aqueous  vapor, 


Common  Gas. 

Cannel  (jas. 

12  Candles. 

22  Candles. 

^'ol.         Wt. 

Vol.         Wt. 

3-8       9-5 

13-0     24-9 

39-5     56-5 

50-0     54-8 

46-0       8-2 

27-7       3-8 

7-5     18-7 

6-8     13-0 

0-6       2-4 

0-1       0-3 

0-6       1-5 

0-4       0-8 

2-0       3-2 

2-0       2-4 

100-0  100-0       100-0  100-0 


387 

50(J 

(>o2nG 

0-(»3>;7 

11,7!»(> 

11,7.J4 

21,222 

21,lo7 

345 

455 

621 

819 

\d(t  Eni/lisli   Iiiiliisfrid/  [jdliorns.  [Jour.  Frink.  Iiint.. 

Specific  gravity  (calciilatecl), 
^^'<'i^•llt  t)t"  a  cubic  toot  in  |»i)Uii<l.s, 
(  alorific  power,  C, 

"  "      F.,  i>(.uii(ls  of  water  lieateil  l'^'  hy 

the  combustion  of"  1  ])ound  of  jias, 

Heat  units  for  1  cubic  foot,  C, 

a         ((  a       a  «      v 

J-  .,  , 

Pounds   of   boibng   Avater   evaporated    by    1000 

cubic  feet  of  gas,       .  .  .639  842 

We  see  from  this  tabular  statement  tiiat,  wiiile  the  heating  power  ot" 
the  two  gases  is  abnost  identical,  weight  for  weight,  the  practical 
result  when  we  take  the  same  measure  of  gas  is  very  different,  the 
Cannel  being  much  heavier  than  the  common  gas.  I  calculate  that  in 
my  practical  comparative  test  I  have  realised  about  55  per  cent,  of  the 
theoretical  heating  power,  which  is  pretty  nearly  the  proportion  of  effec- 
tive heat  obtained  by  the  combustion  of  coal  in  a  fairly  well-con- 
structed steam  boiler. 

The  question  naturally  suggests  itself.  What  is  the  comparative  cost 
of  heating  by  gas  and  coal  ?  The  calculation  is  a  simple  one.  The 
theoretical  heating  power  of  ordinary  soft  coal  may  be  taken  at  13,  that 
is,  the  number  of  pounds  of  boiling  water  evaporated  by  1  lb.,  equal 
to  29,120  lbs.  for  a  ton  of  coal,  value,  say,  lis.  6d.,  being  the  price  ot* 
3000  cubic  feet  of  Cannel  gas,  the  heating  power  of  Avhich  is,  say  2500. 
The  gas,  therefore,  costs  11|  times  as  much  as  the  equivalent  quantity 
of  coal,  or,  in  round  numbers,  a  penny-worth  of  coal  gives  as  much 
heat  as  a  shilling's-worth  of  gas.  When,  however,  we  consider  the 
handiness,  the  cleanliness  and  the  convenience  of  gas,  it  is  not  surpris- 
ing that  it  is  extensively  employed  as  a  source  of  heat,  as  an  illustration 
of  which  I  may  state  that  in  my  own  laboratory  from  250,000  to 
300,000  cubic  feet  are  consumed  annually,  almost  the  whole  of  which 
is  burned  for  the  production  of  heat. 


English  Industrial  Laborers. — The  iron  workers  of  England 
include  140,0(>0  laborers  in  furnaces  and  forges,  169,000  in  the  mami- 
facture  of  machinery,  5500  in  steel  works,  48,000  in  shipbuilding, 
and  about  200,000  in  various  branches  of  iron  and  steel  manufacture^ 
making  about  570,000  in  all.  The  mining  population  is  about  530,000 
and  the  laborers  in  cotton  mills  about  600,000. —  Chron.  Indust. 
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ARE  THE  CHEMICAL  ELEMENTS  SIMPLE  BODIES? 


The  researches -which  have  been  made  in  the  various  branches  of 
physical  science  during  the  last  few  years  have  many  of  them  been  of 
unusual  importance.  Some— the  telephone  and  microphone,  for 
instance — have  already  resulted  in  tlie  invention  of  instruments  of 
great  practical  utility,  while  others  have  opened  up  new  fields  for 
research,  and  bid  lliir  to  effect  a  complete  reversal  of  the  generally- 
accepted  notions  concerning  Matter.  As  Prof.  W.  B.  Rogers  remarked, 
in  his  Presidential  Address  at  the  1S79  meeting  of  the  Xew  York 
Academy  of  Sciences,  "  In  all  branches  of  discovery  we  seem  to  be 
catching  the  clews  of  far-reaching  thouglit  that  stretdi  out  where  as 
yet  no  man's  foot  lias  trodden.  The  recent  developments  in  chemistn', 
through  tlie  agency  of  the  spectroscope,  and  the  effects  of  heat  in  disso- 
I'iation,  have  suggested,  if  they  have  not  proved,  that  a  number  of  the 
substances  hitherto  regarded  as  elements  are  hereafter  to  be  regarded 
as  compound.  The  investigation  of  the  laws  of  chemical  action  fol- 
lowing out  the  suggestions  made  at  the  beginning  of  the  centurv  bv 
the  great  chemist  Berthollet,  in  regard  to  the  influence  of  man  on 
■  chemical  reaction,  seems  to  promise  most  important  discoveries  in 
chemical  statics  and  the  possibility  of  applying  mathematical  reason- 
ing and  formulie  to  chemical  activities.  The  marvelous  series  of 
•  experiments  i)resented  recently  by  Crookes,  in  which  have  been  exhib- 
ited the  wholly  unexpected  phenomena  which  he  has  described  under 
the  designation  of  what  Avas  first  referred  to  by  Faraday  as  a  fourth 
form  of  matter,  which  this  illustrious  experimentalist  called  radiant 
matter,  seemed  to  open  up  a  field  of  research  and  speculation  until  now 
wholly  undreamed  of.  In  truth,  the  active  scientific  workers  have  now 
been  brought  by  their  refined  and  novel  researches  to  touch  the  near 
•extremities  of  innumerable  lines  of  thought  and  investigation,  stretch- 
ing out  into  unknown  regions,  whose  exploration  is  to  occupy  the 
;activitv  and  reward  the  labors  of  a  coming;  g-eneration." 

In  discussing  the  question  whether  or  not  the  study  of  the  spectrum 
has  thrown,  or  is  likely  to  throw,  any  light  on  the  ultimate  constitution 
■of  matter,  Dr.  Balfour  Stewart*  recently  referred  to  the  fact  that 


*  v. 


Xatura     "  On  some  Points  in  the  History  of  Spectrum  Analysis :  an  Address  to 
the  Natural  Philosophy  Classes  at  Oweas  College,  Mancliester,  November,  1879." 


H'^  llie  Cheiiucal  Eleiaeiiis.  [J<Hir.  Frank.  InHt,. 

Prout  first  pointed  out  that  tlu;  atomic  wcij^lits  of  tire  so-called  elcmente- 
are  veiy  nearly  all  multiples  of  the  iialf  of  that  of  hydrogen,  so  that 
tlu!  \arious  elements  may  possibly  bo  looked  upon  as  formed  by  a 
i;i-(»u|)iiii;  together  of  certain  atoms  of  half  the  mass  of  the  hydrogen 
atom.  ^V  most  remarkable  series  of  experiments  was  condiK'ted  by  M. 
iStas  to  test  this  doctrine.  He  came  to  the  conclusion  that  the  atomic 
weights  (►f  the  various  elements  were  not  precisely  multiples  of  the  half 
of  that  of  hydrogen,  there  being  greater  differences  than  could  possibly 
l)e  accoiuited  for  by  errors  of  ex|)eriment.  liut  l>r.  Stewart,  calling 
attention  to  the  great  ditliculty  of  obtaining  substances  absolutely  free 
from  ail  impurity,  does  not  admit  that  8tas'  researches  settled  the  j)oint 
in  the  negative,  and  points  to  the  spectrum  as  a  likely  means  of  throw- 
ing some  light  on  the  question.  Now  Mr.  Lockyer's  researches  tend 
to  show  that  at  sufficiently  high  temperatures  the  so-called  chemical 
elements,  or  at  all  events  some  of  them,  are  compound  bodies.  These- 
researches  were  not  undertaken  with  a  view  sf  decomposing  the  ele- 
ments. Mr.  Lockyer  was  preparing  a  map  of  the  solar  spectrum  on  a. 
large  scale,  and  the  work  included  a  comparison  of  the  Fraiinhofer 
lines  with  those  visible  in  the  s})ectrum  of  the  vapor  of  each  of  the 
metallic  elements  in  the  electric  arc.  (The  complete  sjjectrum  of  the 
sun,  on  the  scale  of  the  working  map,  will  be  half  a  furlong  long ;  in 
map[)ing  the  metallic  lines  and  purifying  the  spectra  more  than  100,000 
observations  were  made,  and  about  2000  photographs  taken.)  The  final 
discussion  of  the  complete  photographs  of  the  spectra  of  the  metallic 
elements  compared  with  the  spectrum  of  the  sun  led  io  the  results 
which  are  exciting  so  much  interest  at  the  present  time. 

There  are  certain  lines  in  the  spectra  of  each  element  which  appear 
long  and  thick;  and  it  has  been  found  that  while  such  a  line,  for 
instance,  is  exceedingly  prominent  in  some  one  element,  other  elements- 
appear  to  possess  it,  only  not  nearly  so  prominently.  Mr.  Lockyer 
argued  from  this,  that  on  the  assumption  that  the  elements  are  truly 
elementary,  the  line  in  the  other  elements  was  caused  by  traces  of  im])u- 
rity.  He  has,  however,  found  that  there  are  coincidences  in  the  lines 
of  metallic  spectra  of  two  perfectly  distinct  kinds.  There  are  coinci- 
dences of  lines  which  are  not  the  prominent  lines  of  any  one  spectrum, 
and  they  give  no  signs  of  that  variability  of  brightness  that  might  be 
expected  to  characterize  lines  due  to  impurities ;  these  lines  he  has 
called  basic  lines.  In  Mr.  Lockyer's  own  words,  "  The  temperature 
of  the  sun  and  the  electric  arc  is  high  enough  to  dissociate  some  t>f  the 
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so-called  chemical  elements,  and  give  us  a  glimpse  of  the  spectra  of 
their  bases,  just  as  in  the  case  of  the  various  salts  of  calcium  there  is  a 
temperature  which  just  allows  us  to  get  a  glimpse  of  a  line  indicating 
the  metal  calcium  common  to  them  all." 

To  determine  whether  these  l)asic  lines  varied  in  their  behavior  from 
other  lines  of  sj)ectra  taken  at  random,  ]Mr.  Lockver  had  recourse  to 
the  spectrum  of  sun-spots.  The  sun  is  surrounded  by  an  enormous 
atmosphere;  which  is  supposed  to  contain  the  vapors  of  such  metals  as 
iron  antl  magnesium ;  but  whether  this  be  so  or  not,  Mr.  Lockyer 
argued  that  the  atmosphere  would  certainly  be  hotter  at  bottom — near 
the  photos])here — than  higher  up,  and  that  the  spectrum  of  the  atmo- 
sphere close  to  the  photosphere  would  difter  from  that  of  any  higher 
region,  and  therefore  from  the  general  spectrum  of  the  sun.  In  observ- 
ing the  spectrum  of  a  sun  spot,  or  a  prominence,  the  spectrum  of  an 
isolated  mass  of  vapors  in  the  hottest  region  open  to  incjuiry  can  be 
determined,  and  ]Mr.  Lockyer  found  that  this  spectrum  differed  greatly 
from  the  general  spectrum  of  the  sun.  The  whole  character  of  the 
spectrum  of  iron,  for  instance,  is  changed  when  we  ])ass  from  the  iron 
lines  seen  among  the  FralinlK »fer  lines  to  those  seen  among  the  spot 
and  storm  lines.  As  therefore  the  spectra  of  spots  and  prominences 
are  from  the  hottest  region  of  the  sun,  Mr.  Ixtckyer  emj>loyed  them 
for  testing  these  basic  lines.  The  result  has  led  him  to  conclude  that 
their  appearance  in  two  or  more  spectra  is  dependent  solely  upon  high 
temjierature.  The  basic  lines  are  more  ])rominent  in  the  spectra  of 
spots  than  in  the  spectrum  of  the  sun ;  they  are,  moreover,  more  promi- 
nent at  epochs  of  sun-spot  maximum  than  during  times  of  minimum. 
The  statement,  then,  that  the  spectrum  of  each  element  consists  onlv 
of  lines  special  to  that  element,  is  found  to  be  insufficient  when  the 
liighest  temperatures  and  the  greatest  dispersions  are  employed. 

A  clearer  conception  of  what  is  meant  by  the  so-called  elements 
being  split  up  at  a  very  high  temperature  will  be  gathered  from  the 
following  illustration,  given  by  Dr.  Balfour  Stewart :  "  If  Me  ajiplv 
a  very  powerful  source  of  electricity,  we  obtain  certain  peculiar  lines 
from  the  vapor  of  calcium.  Xow  if  we  could  catch  hold  of  and  segre- 
gate— put  into  a  box,  as  it  were — all  these  minute  entities  that  give  us 
this  suspicious  line  at  a  high  temperature,  and,  further,  if  Ave  could 
keep  their  high  temperature  up,  I  think  it  is  probable  that  we  might 
obtain  something  wliich  is  not  calcium,  or,  at  any  rate,  something 
simpler  than  the  molecule  of  calcium  as  this  appears  at  lower  tempera- 
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tares.  But  we  are  not  yc!t  uhlc,  and  pci-liaps  we  may  iicver  We  able, 
at  an  ordinary  temperatnre,  to  [)resent  tlie  eheniist  witli  some  other 
substance  derived  from  caleium,  whicli  is  not  calcium." 

Mucli,  of  course,  remains  to  be  done  before  ^Nfr.  Lockyer's  views 
will  be  universally  accepted.  The  indecoinj)osable  character  of  the 
bodies  wliich  we  have  hitherto  considered  elementary  has  for  a  long 
time  been  considered  doubtful.  Mr.  Lockyer,  however,  is  the  first  to 
come  boldly  forward  with  experimental  proof.  AVhat  the  final  result 
of  the  discovery  will  be  we  cannot  foretell.  A  physical  ])roblem,  as 
Dr.  Stewart  says,  begins  like  a  rivulet.  At  its  first  introduction  it  is 
small  and  seemingly  unimportant ;  constantly,  however,  as  it  Avinds 
along  it  receives  accessions  from  various  quarters,  until  at  length  it 
becomes  a  mighty  river  that  is  finally  merged  in  the  unfathomable 
ocean.  This  course  is  followed  by  all  such  problems.  Each  begins 
small,  grows  broader,  and  will  finally  bear  us  on  to  the  unknown  if 
we  trust  ourselves  to  its  guidance. — Journal  of  Science. 


Carbonic  Acid  in  its  Relations  to  the  Winds. — Marie 
Davy  states  that  the  quantity  of  carbonic  add,  at  ]\Iontsouris,  in  one 
hundred  thousand  volumes  air  of  varies  between  22  and  36.  He  was 
at  first  inclined  to  attribute  these  variations  to  the  neighboring  influence 
of  Paris,  which  is  an  abundant  source  of  carbonic  acid ;  while  the 
woods  and  cultivated  fields,  at  least  during  the  season  of  vegetation, 
are  an  equally  active  cause  of  its  disappearance.  But  he  found  that 
the  northern  winds,  which  come  from  Paris,  contain  less  carbonic  acid, 
on  the  average,  than  the  southern  winds,  which  blow  directly  from  the 
country.  He  therefore  suggests,  as  an  explanation  of  the  phenom- 
enon, that  the  carbonic  acid  is  found  in  greater  proportion  below  than 
above  the  clouds-.  The  south  or  southwest  winds  plough  the  surface 
of  the  ground,  but  the  north  or  northwest  winds  plunge  from  the 
upper  regions  of  the  atmosphere  towards  the  ground.  Since  1864  he 
has  thought  it  important  to  draw  a  careful  distinction  between  the 
equatorial  current  and  the  rotary  movements  which  accompany  it. 
The  changes  of  the  wind,  of  the  barometer,  of  the  thermometer,  and 
of  the  hygrometer,  are  due  to  the  latter,  while  the  proportion  of  car- 
bonic acid  depends  upon  the  former. — Oompfes  Rendus.  C. 
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llEMARKS  OX  THE  NEW  METALS  FROM  GADOLINITE 
AND  SAMARSKITE. 


B  V      M.     M,     D  E  L  A  F  O  N  T  A  I  N  E. 


Since  M.  ]Marignac  and  I  published  our  memoirs  on  Terbia,  in 
March,  1878,  the  real  or  supposed  discovery  of  ten  other  rare  eartlis 
has  been  announced  by  different  chemists — namely,  mosandria,  philip- 
])ia,  vtterbia,  decipia,  scandia,  holmia,  thulia,  samaria,  and  two  others 
not  vet  named.  As  may  be  imagined,  such  a  multiplication  of  bodies 
difficult  to  isolate  and  characterize  has  provoked  skepticism,  and  it  has 
been  suggested  that  some  of  them  may  be  duplicates.  If  the  Acad- 
-emv  will  ])ermit  me,  I  will  communicate  my  views  on  this  subject,  as 
the  result  of  my  own  researches.* 

In  my  researches  on  gadolinite  and  samarskite,  I  have  always 
attached  great  imjiortance  to  the  atomic  weights.  When  the  equiva- 
lent of  a  base  is  found  to  be  higher  than  that  of  the  other  members 
of  the  same  group  (decipia  and  vtterbia,  for  instance),  I  have  not  had 
the  least  doubt  of  the  sjiecific  existence  of  this  base.  But,  if  this 
equivalent,  on  the  contrary,  should  be  intermediate  between  two  others 
(philippia  as  compared  with  yttria  and  terbia),  I  naturally  have  mul- 
tij)lied  experiments  to  make  certain  that  I  am  not  working  with  a 
mixture  of  known  bodies.  In  this  case  the  physical  characteristics 
have  sometimes  been  of  great  help.  For  these  reasons,  therefore, 
vtterbia,  decipia  and  philippia  ajjpear  to  me  definitely  acquired  for 
science. 

Scandium  is  unknown  to  me ;  I  can  say  nothing  about  it. 

Nothing  has  taken  place  to  make  me  change  my  opinion  upon 
mosandrium  since  I  proposed  to  erase  it  from  the  list  of  elements. 

Soiiiarium. — M.  Lecoq  published  in  February  and  August,  1871), 
two  notes,  one  on  a  new  earth  obtained  from  samarskite  and  the  other 
on  samarium.  The  properties  which  he  attributes  to  his  unnamed 
earth  do  not  appear  to  me  to  differ  essentially  from  those  of  decipia,  or 


■*  Not  having  been  foi:  some  time  in  a  position  to  see  the  Comptes  Mendus,  I  only 
know  some  of  tlie  notes  on  these  new  metals  from  what  has  appeared  in  the  Chemical 
Neivfi  of  London.  If,  therefore,  there  is  some  misunderstanding  on  my  part,  it  must 
be  attributed  to  a  want  of  sufficient  information. 
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ratlicr  to  a  mixture  of  decipia  and  terbia :  saniariuin  is  only  ciiarac- 
terized  by  absorption  rays,  which  appear  to  embrace  a  portion  of  tho.se 
of  decij)iiim.  I  do  not  know  any  facts  which  would  lead  me  to 
imagine  that  decipium  is  not  homogeneous ;  its  absor])tion  rays  increa.se 
and  diminish  together  in  all  the- treatments  to  which  I  have  submitted 
it.  The  discovery  of  sanmrium  therefore  demands  verification  by  fur- 
ther experiments. 

MM.  Marignac  and  Soret  have  shown  that  Bun.sen's  crbia  is  a  mix- 
ture of  several  bodies.  A\'ith  the  assistance  of  M.  ThaU'n,  M.  Cleve 
has  repeated  their  experiments  with  the  same  results.  But  the  savant 
of  Upsala  has  gone  further  than  those  of  Geneva ;  he  does  not  hesi- 
tate to  give  names  to  the  supposed  new  metals  which  he  believes  to  be 
the  cause  of  certain  spectroscopic  differences.  According  to  him,  the 
ultra-red  ray  discovered  by  M.  Soret  characterizes  thulium ;  the  red 
and  green  niys  {X  =  640  and  536)  belong  to  holmium,*  whose  oxide 
is  yellow  and  the  nitrate  less  easily  decomposed  by  heat  than  that  of 
erbium ;  beyond  this  he  has  neither  obtained  the  first  nor  the  second 
in  a  state  of  even  approximate  purity. 

Samarskite  contains  very  little  of  the  old  erbia  of  Bunsen  :  the 
absorption  spectrum  of  this  latter  is  very  feeble  with  the  solutions 
obtained  from  it,  and  in  particular  the  green  and  blue  bands  (/  =  523 
and  488)  of  erbia  (in  a  restricted  sense)  are  feeble ;  on  the  contrary, 
the  indigo  band  {?.  =  452)  shows  much  better.  After  having  sepa- 
rated didymia,  decipia,  and  almost  all  of  the  terbia,  I  submitted  the 
formiate  of  the  earth  to  fractional  crystallization ;  the  first  products 
gave  from  49  to  47  per  cent,  of  base.  They  were  reunited  and 
recrystallized  several  times.  In  this  way  was  separated  a  salt  rich  in 
terbia  and  mother  liquors  richer  in  yttria :  these  were  rejected.  The 
rest,  calcined  and  combined  with  nitric  acid,  showed  the  indigo  band 
very  strong,  and  the  others  mare  feeble.  This  nitrate,  dissolved  or  in 
crystals,  was  perfectly  colorless;  its  base,  of  a  beautiful  clear  yellow,  had 
the  equivalent  98  {yo  =  74,  -o  =  about  115).  This  was  submitted 
to  a  series  of  partial  decompositions  by  heat,  which  divided  it  into  six 
products  (A  to  F).  The  earth  from  the  first,  slightly  clearer,  had  the 
equivalent  102 ;  the  crystals  of  its  formiate  were  slightly  rose-colored ; 
its  absorption  spectrum  showed  the  absorption  rays  of  erbia  (in  a 
restricted  sense),  but  deeper.     The  four  products  following  (B  to  E) 

*  M.  Soret  likewise  adds  the  indigo  band,  \  =  452. 
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contained  a  more  colored  base ;  its  nitrate,  which  was  colorless,  gave  a 
spectrum  consisting  only  of  the  red  (640)  and  the  green  (536)  rays,, 
narrow,  but  much  stronger  than  before,  and  of  the  large  indigo  band 
(448  to  455).  The  green  ray  of  true  erbia  was  reduced  to  a  narrow 
trace ;  the  blue  had  disapjieared.  These  earths,  B  to  E,  could  not  be 
split  up  into  yttria  and  terbia  by  any  known  means.  Finally,  the 
product  F  gave  a  feeble  spectrum  ;  its  coloration  and  its  atomic  weight 
were  less  tlian  those  of  the  original  mixture. 

I  have  called  philippia  tlie  yellow  oxide,  distinct  from  terbia,  which 
forms  the  bulk  of  the  earths  of  which  I  liave  just  spoken.  It  proper- 
ties are  those  of  the  earth  X  of  M.  Soret  and  of  M.  Cleve's  holmia  ; 
this  last-named,  being  a  duplicate,  should  not  be  retained. 

In  strictness  it  may  be  supposed  that  philippia  is  a  mixture  of  two 
oxides,  one  of  which  gives  the  indigo  band  (448  to  455),  and  the  other 
the  rays  640  and  536 ;  but  I  know  of  no  fact  in  fovor  of  such  a  con- 
clusion. 

The  so-called  euxenite  from  North  Carolina  contains  still  less  of  the 
earths  giving  absorption  spectra  than  samarskite — a  trace  only. 
Besides  a  notable  proportion  of  terbia  I  have  obtained  from  it  a  straw- 
yellow  earth,  with  an  equivalent  ranging  about  90,  without  absorption 
spectrum,  and  which  does  not  appear  to  be  a  mixture  of  terbia  and 
yttria.  I  am  not  yet  sure  whether  samarskite  contains  it,  and  in  par- 
ticular whether  my  philippia  may  be  soiled  by  it :  this  is  a  point 
which  I  hope  to  clear  up  very  soon.  I  am  also  examining  another 
base  from  samarskite  which  appears  to  have  a  great  resemblance  to 
y  tterbia. — Co  mptes  Rend  lis. 


Magneto-mechanical  Sorting  Machine. — Breuer  and  Schu- 
macher have  invented  a  machine  for  separating  the  turnings  and 
borings  of  brass  and  copper  from  those  of  iron  and  steel.  The  mixed 
metals  fall  upon  a  magnetized  cylinder  or  drum,  to  which  the  iron, 
and  steel  adhere  while  the  copper  and  brass  fall  into  a  special  reservoir 
below.  There  are  two  hollow  cylinders,  rotating  in  the  same  direc- 
tion, so  that  the  iron  which  escapes  from  the  first  cylinder  is  retained 
by  the  second.  The  surface  of  the  cylinders  is  formed  of  flat  Ijands 
or  strips  of  soft  iron  alternating  with  strips  of  copper;  each  of  the 
iron  bands  is  in  contact  with  a  row  of  liorse-shoe  magnets.  The 
adherent  metal  is  removed  by  revolving  brushes. — L'Ing.  Univ.     C. 
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Poisonous  Toys. —  rin-  Parisian  |)()liic  have  reeeiitly  seized  a 
iiiiiiiber  of  ('aoiitclioiic  toys,  on  aecoiiiit  of  the  eni|tloyin('iit  of  |)oisou- 
oiis  cohjrs  ill  their  nianufaeture. —  Citron.  Ind.  ('. 

Coral  Cutting. — The  coral  tishers  of  Italy  reside  mostly  at 
Naples  and  at  'I'orre  del  Greco,  A  scliool  has  been  lately  ort^anized 
at  the  latter  place,  in  an  old  monastery,  for  the  j)nrpose  of  giviiiji' 
special  instrnction  in  coral  cutting  and  bringing  that  art  to  a  still 
greater  degree  of  ])erfection. — Chron.  TiuL  C. 

Variations  in  Spectra. — WUllner  discusses  the  various  theoi-ie^ 
of  Angstrom,  Pliicker,  Hittorf,  Lockyer  and  Zollner,  in  regard  to  the 
dej)endence  of  s])ectra  upon  impurities,  temperature,  })ressure,  etc. 
P^'om  a  long  series  of  experiments  with  nitrogen,  he  concludes  that 
the  changes  from  band  to  line  spectra  dei)end  principally  upon  the 
diminishing  munber  of  the  luminous  molecules. —  Wied.  Ann.       C. 

Analogy  between  Fluidity  and  Galvanic  Conductivity. 

- — O.  Grotrian  finds  an  interesting  relation  between  the  reciprocal  of 
the  constant  of  friction  in  fluids  and  the  galvanic  conductivity  of  a 
number  of  salt  and  acid  solutions.  Let  t  designate  the  temperature  ot 
tlie  fluid,  /  the  temperature  coefficient  of  fluidity  and  h  the  conduc- 

tivitv.     Then  the  value  of  the  coefficient    ^  -,  in  a  change  of  con- 

cltf 

-centration,  always  alters  in  the  same  direction  as  the  corresponding 

•coefficient  of  conductivitv  — ^  -. —  Wied.  Ann. 
'    dt  k 

New  Luminous  Tubes. — Treve  introduces  a  Fizeau  condenser 
into  a  great  Geissler  tube.  The  two  poles  of  a  current  from  a  Ruhm- 
IvOrflP  coil  terminate  in  this  condenser,  by  means  of  the  ordinary  elec- 
trodes, which  are  soldered  into  the  glass  and  are  attached  to  the  11th 
-and  12th  sheets  of  tinfoil.  When  the  induced  current  passes  into  the 
•condenser,  if  the  tube  still  contains  air  at  ordinary  pressure,  the 
usual  rumbling  is  heard.  If  a  vacuum  is  gradually  made  in  the  tube, 
ihe  rumbling  diminishes,  and  when  the  pressure  falls  to  '003  or  '004  m. 
(•118  to  '157  in.)  no  sound  is  heard;  but  a  brilliant  white  light 
appears,  shimmering  like  pearls  from  the  leaves  of  the  condenser,  and 
entirely  different  from  the  phosphorescent,  i)ale  and  flickering  light  of 
the  Geissler  tube. —  Compies  Rendus.  C 
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Railway  Sleepers. — The  Belgian  government  ha.s  decided  on  the 

aljandonnient  of  wooden  railway  sleepers  and  the  use  of  those  of  iron. 
Its  example  will  doubtless  find  imitators,  if  indeed  the  example  be  not 
improved  upon,  and  steel  be  used  eventually  instead  of  iron.  It  is  not 
the  longitudinal  sleeper  that  has  been  adopted,  but  a  German  system 
of  cross  sleepers. — L'Infjen.  Universel.  C. 

The  Buda-Pesth  Artesian  Well.— The  depth  is  970-48  metres 
(3183-9  ft.) ;  daily  supply  7600  hectolitres  (200,781-4  gal.) ;  tempera- 
ture 74°  (165-2  F.) ;  mean  increase  of  earth-temperature  1°  for  12-61  m. 
(1°F.  for  22-98  ft.).  The  water  is  strongly  impregnated  with  carbonic 
acid,  together  with  some  nitrogen  and  sulphuretted  hydrogen ;  it  con- 
tains 1-131  grs.  of  salts  per  litre  (66  grains  per  gallon),  principally 
sulphates  and  carbonates  of  potash,  soda,  lime,  magnesia,  with  some 
chlorides.  It  resembles  the  Kaiserbad  water,  at  Ofen. — Jahresb.  der 
K.  K.  geol.  Reichsand.  C. 

Capillary  Electrometer. — E.  Debrun  has  presented  to  the  French 
Academy  a  modilication  of  Lipmann's  electrometer.  He  avoids  the 
use  of  a  microscope,  by  observing  displacements  of  the  mercury  in  a 
cylindrical  tube,  with  a  diameter  of  a  quarter  of  a  millimetre  (-01  inc  h), 
and  fifteen  centimetres  (4-9  in.)  long,  divided  into  millimetres;  this 
tube  makes  an  angle  of  10°  with  the  horizon.  The  change  of  level  is 
about  seventy-five  millimetres  (2-75  in.)  for  a  variation  of  a  volt, 
which  gives,  with  a  vernier,  a  sensibility  of  yl^  of  a  volt.  The  tube 
is  divided,  experimentally,  into  parts  of  equal  electro-motive  force. — 
Comptes  Rendus. 

Deprez's  Magneto-Electric  Machine. — Deprez  uses  a  horse- 
shoe magnet,  placing  between  the  two  branches  a  Siemen's  coil,  which 
is  revolved  around  an  axis  parallel  to  the  branches  of  the  magnet  and 
provided  with  proper  commutators.  The  length  of  the  helix  is  nearly 
equal  to  that  of  the  rectilinear  branches  of  the  magnet,  so  as  to  use 
nearly  all  the  inductive  power  of  the  branches  *.  AVith  a  battery  of 
five  Bunsen  elements  and  a  magnet  weighing  1-7  kilogrammes  (4-54 
pounds),  he  obtained  as  satisfactory  results  as  Avith  a  Gramme  machine, 
which  had  a  permanent  magnet  weighing  at  least  20  kilogrammes 
(80-4  pounds).— ^if//.  de  la  Soc.  Franc,  de  Fhi/s.  C. 

*See  Journal  of  the  Feaxklin  In.stitute,  August,  18V9. 
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The  Pyrophone. — ^I.  Kastner  hn^  tiivcn  the  iianic  of"  |)yi-()|»li<nic 
to  an  iiivt'iitioii  ha.scd  upon  tlie  sounds  wliicli  are  produced  by  the 
liydrojien  Hanie  in  tubes  of  gla.ss.  The  instrument  is  ])layed  witli 
a  key-board  like  a  piano,  and  the  notes  are  remarkably  sweet  and 
sonorous. —  B<uh-hl<dt.  ( ". 

Prof.  Crookes  in  Paris. — On  the  invitation  of  M,  W'urtz,  i^-of. 
Cntu.'cs  took  his  a})paratus  to  Paris  and  repeated  his  experiments 
ui)on  radiant  matter  before  the  medical  faculty,  and  also  at  the  Paris 
ob-servatory  in  a  soirde  given  by  Admiral  Mouchez.  The  experiments 
were  remarkably  successful  and  Avere  received  with  great  a})plau.se. — 
Les  Mondes.  C. 

Wide  Diflfusion  of  Copper. — Dieulafait  has  published  a  memoir 
upon  the  existence  of  copper,  in  a  state  of  complete  diffusion,  in  all 
the  rocks  of  primordial  formation  and  in  all  the  sedimentary  deposits 
which  are  directly  derived  from  the  primordial.  As  principal  conse- 
quences of  this  fact  he  points  out:  1.  The  constant  existence  of  copper 
in  the  sea  waters  of  ancient  and  modern  times.  2.  The  origin  and 
mode  of  formation  of  copper  ores.  3.  The  necessary  presence  of 
copper  in  all  the  mineral  waters  of  azoic  regions. — Ann.  de  Chim.  et 
<ie  Plii/s.  C. 

Action  of  Nitrates  on  Nitric  Acid. — Alfred  Ditte  finds  that 

metallic  nitrates  may  be  divided,  in  regard  to  their  action  in  contact 
with  fuming  nitric  acid,  into  three  well-marked  classes:  1.  Some 
dissolve  in  large  quantities  and  combine  with  the  acid  ^o  as  to  give  rise 
to  acid  salts  Avell  defined.  2.  Some,  after  having  been  deprived  as 
much  as  i)ossib]e  of  their  water  of  crystallization,  dissolve  with  ease; 
the  .solubility  increases  with  the  temperature,  and  in  cooling,  hydrous 
nitrates  are  deposited,  but  containing  less  water  than  the  crystals 
which  are  formed  from  the  liquitl.  In  this  way  he  has  obtained 
several  new  hydrates.  3.  A  third  class,  the  mcst  numerous  of  all, 
contains  salts  which  are  insoluble,  or  only  slightly  soluble,  at  all  tem- 
peratures. Potash  and  soda  are  placed  in  different  groups.  Lithia  is 
ranged  with  soda;  and  rubidium,  caesium,  thallium  and  ammonium 
on  the  side  of  potash.  All  the  alkaline  nitrates  are  anhydrous  except 
that  of  lithia,  which  ery.stallizes  with  five  equivalents  of  water  below 
10°C.  (50°F.),  and  that  of  soda,  which  forms  below  0°C.  (32°F.)  a 
hydrate  containing  fourteen  equivalents  of  water. — Ann.  de  Chim.  et 
de  Phys.  C. 
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Swiss  Anthracite. — Late  analyses  of  the  anthracite  coal  of  A'alois 
show  about  90  per  cent,  of  carbon  and  hydrogen  and  8^  per  cent,  of 
ashes.  Experiments  with  American  heaters  show  that  it  is  capable  of 
replacing  the  Pennsylvania  coal,  which  is  sometimes  imported  at  great 
cost.    It  has  also  been  tried  successfullv  in  locomotives. — Les  3Iondes. 

C. 

Modifications  in  the  Composition  of  the  Atmosphere. — 

Ph.  Jolly  has  made  numerous  analyses  of  the  air  near  Munich,  which 
shoAV  a  variation  in  the  percentage  of  oxygen  dependent  upon  the 
direction  of  the  wind.  AVhen  the  wind  is'X.  or  X.  AV.,  the  percent- 
age is  about  20*92 ;  when  it  is  S.  E.,  S.  or  S.  W.,  the  percentage  is 
only  20' 56. — Les  Mondes.  C. 

Gas  in  Metallurgy. — The  report  of  the  use  of  gas  from  natural 
springs,  in  S(jme  American  puddling  furnaces,  is  attracting  the  atten- 
tion of  European  metallurgists.  At  the  fontaine  ardente  of  Saint- 
Barthelemy,  in  France,  there  is  a  natural  gas-well  which  has  been 
allowed  to  run  to  waste  for  centuries.  Preparations  have  been  lately 
made  to  make  some  economical  use  of  this  apparently  inexhaustible 
supply,  and  some  sanguine  hopes  have  been  expressed  that  it  may 
convert  the  province  of  Dauphine  into  a  French  Pennsylvania. — 
Chron.  Industr.  C. 

Influence  of  Shape  upon  Attraction. — C.  Lagrange  refers  to 
the  following  proposition,  which  he  demonstrated  two  years  ago : 
"  ^yhen  attraction  varies  inversely  as  the  squares  of  the  distance,  if  the 
distance  is  considerable,  any  mass  acts  with  maximum,  mean  and  mini- 
mum energies,  in  three  rectangular  directions  which  are  respectively 
the  axes  of  minimum,  mean,  and  maximum  inertia."  From  this  pro- 
position he  deduces  the  following  results:  "  1.  A  mass  of  any  form, 
at  a  certain  definite  distance  from  its  centre  of  inertia,  acts  Mith  maxi- 
mum, mean  and  minimum  energies,  in  three  rectangular  directions 
Avhich  coincide  respectively  with  the  three  axes  of  minimum,  mean 
and  maximum  inertia.  2,  The  relative  positions  of  a  point  and  of  a 
material  system,  submitted  to  their  mutual  attraction,  are  determined 
by  the  stable  axes  of  equilibrium  in  the  system ;  the  axes  of  minimum, 
mean  and  maximum  inertia  are  respectively  axes  of  stable  equilibrium, 
stable  in  one  plane  and  unstable  in  a  perpendicular  plane,  or  unstable." 
The  first  of  these  deductions  he  regards  as  fundamental  in  the 
mechanical  theory  of  crystallization. — Acad.  Boy.  de  Belg. 
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Network  of  the  Photosphere. — Lanuv  liavin^-  asserted   that 

lie  had  ob.scrvod  the  photctspheric  netwurU  on  the  sohir  disk  with  a  six 
inch  telescope,  Jansseii  states  that  he  must  have  mistaken  the  willow 
leaves  or  rice  li^niins  for  tin;  i)iienomenon  in  (piestion.  The  photo- 
spherie  network  is  made  up  of"  the  collection  of  points  where  the  solar 
granulation  is  modified,  in  such  minute  details  that  they  ean  be  seen 
only  by  large  instruments  with  j)owerful  eye-glasses.  Under  these 
cireurastanees  the  field  of  view  is  ?o  limited  that  it  is  impossible  to 
embrace  a  sufficient  extent  of  surface  to  show  the  network.  It  becomes 
visible  only  upon  very  large  instantaneous  photographs. —  Couiptes 
Rendus. 
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A  Practical  Treatise  on  the  Combustion  of  Coal,  including 
Descriptions  of  various  Mechanical  Devices  for  Economic  Genera- 
tion of  Heat  by  the  Combustion  of  Fuel,  whether  Solid,  Liquid  or 
Gaseous.  By  William  M.  Barr.  Yohn  Brothers,  Indiana[»olis, 
Ind.,  Publishers.     1879. 

This  book  seems  to  be  intended  to  give,  in  a  small  space,  the  theory 
of  the  combustion  of  coal  to  those  who  cannot  readily  follow  the 
various  technical  works  on  the  subject.  It  treats  on  the  physical  pro- 
perties of  coal,  the  atmosphere,  various  fuels,  analyses  of  coal,  com- 
bustion and  the  products  of  combustion,  heat,  etc. ;  construction  of 
furnaces,  methods  of  firing,  spontaneous  combustion  of  coal,  coal  dust 
as  a  fuel,  petroleum  as  a  fuel,  ordinary  gas,  etc.  It  presents  a  com- 
pilation of  existing  knowledge  on  its  various  subjects,  including  nearly 
all  that  any  one  but  the  technical  student  will  desire  to  read,  and  in  such 
shape  as  to  be  easily  understood.  Where  it  touches  on  theoretical 
chemistry  it  is  not  so  complete  as  to  enable  one  to  thoroughly  under- 
stand the  "  why  "  of  the  several  phenomena  talked  of  or  steps  described, 
as  in  the  analysis  of  coal  for  example.  Again,  on  the  subject  of  liquid 
fuel  and  gaseous  fuel  there  is  very  little  comparison  of  opinion  or  dis- 
cussion. A  valuable  essay  of  Rankine,  published  in  the  United  Ser- 
vice Institution  Transactions,  being  lacking  on  liquid  fuel  for  example. 
Something,  however,  will  be  found  on  every  point  that  will  probably 
arise  in  every-day  practice,  and  what  there  is  is  in  an  excellent  form 
for  ready  reference. 
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In  addition  to  this,  it  may  be  generally  stated  that  there  is  no  single 
hook  in  English  which  gives  so  much  in  regard  to  the  combustion  of 
coal.  Everything  in  the  book  is  useful,  and  is  written  in  a  form 
which  cannot  be  complained  of  as  regards  simplicity  of  presentation. 

D. 


Laboratory  Teaching  :  or  Progressive  Exercises  in  Prac- 
tical Chemistry.  By  Charles  Loudon  Bloxani.  4th  edition, 
with  89  illustrations.     12mo.    Philadelphia  :  Lindsav  &  Blakiston. 

1879. 

This  work,  which  is  Avell  known  to  teachers  of  chemistry,  first  made 
its  appearance  in  1869.  It  is  a  departure  from  the  old  method  of 
teaching  analytical  chemistry,  very  commonly  followed  yet,  in  that, 
instead  of  requiring  the  student  to  study  and  memorize  the  several 
reactions  of  the  metallic  and  non-metallic  bodies  before  proceeding  to 
examine  an  unknown  substance,  the  author  seeks  to  familiarize  the 
learner  with  the  subject  by  a  series  of  progressive  exercises  or  lessons, 
accompanied  by  examples  for  practice.  The  author  does  not  pre-sup- 
pose  any  chemical  knowledge  on  the  part  of  the  pupil,  and  directions 
for  the  use  of  the  tables,  for  performing  the  various  chemical  manipu- 
lations, are  found  given  where  the  pupil  requires  to  know  them.  The 
book  is  highly  practical  throughout,  and  its  scope  is  well  indicated  by 
its  title.  W. 


Lectures  ox  Popular  and  Scientific  Subjects.     By  the  Earl 
of  Caithness,  F.R.S.     12rao.     London  :  Trlibner  &  Co.     1879. 

These  lectures,  delivered  by  their  author  at  various  times  and  places, 
are  eight  in  number,  and  comprise  in  this  second  enlarged  edition 
quite  a  variety  of  subjects,  those  on  coal  and  the  steam  engines  being 
the  most  interesting.  In  the  former  it  is  stated  that  the  total  available 
deposits  in  the  British  coal  fields,  at  depths  not  exceeding  4000  feet, 
and  in  seams  not  less  than  one  foot  thick,  is  90,207,285,398  tons,  and 
taking  into  account  seams  which  may  yet  become  available,  lying 
under  the  Permian,  New  Red  Sandstone,  and  other  superincumbent 
strata,  this  estimate  is  increa.sed  to  146,480,000,000  tons,  which,  at 
the  present  annual  rate  of  production  throughout  Great  Britain — 
namely,  123,500,000  tons — would  last  1186  years.  The  United  States 
is  credited  with  having  120,000  square  miles  of  workable  coal  beds. 
Whole  No.  Vol.  CIX.— (Third  Series,  Vol.  Ixxix.)  15 
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and  peat  bogs  of  con.siderable  extent,  in  which  a  substance  exactly 
re.><embling  cannel  coal  has  been  found. 

The  lecture  on  the  steam  engine  is  a  brief  hi.story  of  .some  of  the 
important  steps  which  led  to  this  wonderful  invention,  and,  although 
it  does  not  contain  anything  which  has  not  been  said  often  before,  yet 
will  be  found,  like  all  of  the  lectures,  to  be  presented  in  a  po])u]arand 
})le:ising  style.  In  conclusion,  we  desire  to  call  attention  to  the  beau- 
tiful printing  of  this  book  from  the  "  Ballantyne  press."  J.  B.  Lip- 
])incott  ct  Co.  have  also  their  name  on  the  title  page.  N. 


Braix  Work  and  Over  Work.  Bv  Dr.  H.  C.  AVood.  16rao. 
Philadelphia;  Presley  Blakiston.     1880. 

We  welcome  heartily  each  addition  to  the  series  of  American  Health 
Primers,  so  ably  edited  by  Dr.  W.  W.  Keen,  and  this  latest  one  is  of 
the  utmost  importance,  for  nothing  can  be  more  sad  than  to  see  a  man 
of  fine  intellectual  endowments  breaking  down  from  the  vain  attempt 
to  do  two  days'  work  in  one,  as  so  many  Americans  are  tiying  at  the 
present  time. 

The  author  has  divided  his  little  book  into  seven  chapters,  and  after 
showing;  in  his  introductorv  one  the  alarming  increase  of  nervous  dis- 
orders,  he  gives  the  general  causes  of  them  in  another,  while  the 
remainder  of  the  treatise  is  taken  up  with  a  discussion  of  the  effects 
of  emotional  and  intellectual  work — the  proper  age  for  labor,  woman's 
work,  rest  in  labor  and  in  sleep,  necessary  recreation,  in  which  the 
vexed  Sabbath  question  enters,  and  the  plan  so  strongly  advocated  by 
Dr.  ]\Iitchell  of  "  camping  out."  We  trust,  in  conclusion,  that  this 
little  book  will  find  many  readers,  and  they  will  profit  by  the  excel- 
lent advice  Prof.  Wood  gives.  N. 

The  Workshop  Compaxiox  ;  a  Collection  of  Useful  and  Reliable 
Recipes,  etc.,  for  the  Household  and  Shop.  16mo.  New  York  : 
Industrial  Publication  Co.     1879. 

This  is  an  enlarged  edition  of  a  little  Pocket  Manual,  known  as 
the  Amateur's  Handbook,  and  contains  quite  a  variety  of  recipes, 
manv  of  which  have  been  long  known  and  found  to  be  of  decided 
value.  The  practical  hints  are  in  many  cases  excellent,  and  in  addi- 
tion to  the  matter  contained  iu  the  book  being  arranged  alphabetically, 
we  have  also  what  no  volume  should  be  without,  a  very  full  index. 

N. 
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Electric  Transmission  of  Power:  Its  Present  Position  and 
Advantages.  By  Paget  Higgs,  LL.D.  12iuo.  London:  E. 
&  F.  N.  Spon.     1879. 

In  tliis  little  work  on  a  subject  which  is  attracting  at  the  present 
time  a  great  deal  of  attention  from  scientific  men,  the  author  lias  col- 
lected the  best  data  that  he  could  find  to  prove  that  it  has  a  wide  field 
of  usefulness  before  it,  and  after  describing  briefly  the  Gramme,  Brush 
Wallace-Farmer  and  Siemens  machines,  a  chapter  is  given  on  their 
efficiency,  and  its  applicability  to  long  and  short  circuits.  Use  is 
made  largely  of  the  veiy  valuable  report  of  Profs.  Houston  and 
Thomson  on  Dynamo-electric  Measurements,  published  by  the  Insti- 
tute, and  which  has  become  such  an  authority,  and  the  investigations 
•of  Siemens,  Mascart  and  Hopkinson  are  referred  to.  Despite  manv 
faults,  that  would  have  been  perhaps  avoided  by  Dr.  Higgs  if  the 
Horatian  rule  of  waiting  ten  years  had  been  observed,  the  work  can 
he  read  with  profit  by  almost  every  one.  N. 


The  Microscope  in  Medicine.  By  Lionel  S.  Beale,  M.B.,  F.R.S. 
Fourth  edition,  much  enlarged.  8vo.  London,  1878,  also  Phila- 
delphia: Presley  Blakiston.     1878. 

We  have  before  us  the  fourth  edition  of  Prof.  Beale's  Avork,  "  The 
Microscope  in  Medicine,"  a  book  which  it  gives  us  pleasure  to  recom- 
mend for  careful  study  to  every  student  of  microscopy,  whether  he  be 
a  physician  or  naturalist.  He  will  find  in  it  not  only  a  clear  exposi- 
tion of  the  methods  employed  in  order  to  obtain  the  best  results  in 
microscopical  examination  of  tissues,  but  also  a  description,  profusely 
illustrated  with  drawings  by  the  author's  own  hand,  of  the  histologi- 
cal details  of  tissues  as  seen  under  the  microscope. 

In  the  first  chapter  we  find  full  directions  given  of  how  to  employ 
the  different  necessary  accessory  instruments ;  how  to  use  reagents  in 
order  to  develop  certain  details ;  how  to  examine  objects ;  how  to 
measure  them,  and  to  make  records  by  means  of  drawings  upon  paper, 
wood  and  other  materials. 

The  second  chapter  is  devoted  to  the  consideration  of  hardening 
soft  tissues,  and  methods  are  given  for  removing  the  earthy  salts  from 
bone,  so  that  sections  may  be  cut. 

The  third,  fourth  and  fifth  chapters  contain  directions  for  cutting 
ections  of  hardened  tissues,  and  for  staining  them  so  as  to  jliiferen- 
tiate  the  histological  details  as  well  as  for  permanently  mounting 
preparations. 
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Tlie  sixth  chapter  treats  of  the  different  methods  employed  to  reveal 
the  vascular  system  in  healthy  as  well  as  morbid  ti&saes  by  means  of 
injectinti:,  and  will  prove  to  the  readers  one  of  the  most  interesting 
[)arts  of  the  book. 

In  the  seventii  chapter  the  author  gives  a  concise  description  of  his 
method  of  preparing  tissues  for  micros<!opical  examination,  which  is 
an  excellent  one  if  a  certain  class  of  work  is  desired  by  the  student, 
but  which  does  not  give  equally  good  results  in  all  cases. 

Tiie  second  part  of  the  book  is  devoted  to  the  description  of  tissues- 
when  prepared  and  viewed  under  the  microscope,  and  thus  forms  a 
source  of  information  to  every  one  interested  in  the  minute  anatomy 
of  animal  organisms. 

The  last  two  chaptei's  give  full  directions  of  how  to  obtain  crystals 
from  animal  fluids,  and  of  how  to  conduct  spectrum  analysis  by 
means  of  the  spectrum  microscope. 

The  book  is  profusely  illustrated,  containing  over  500  engravings,, 
most  of  which  are  drawn  to  a  scale  so  that  forms  seen  in  the  micro- 
scope may  be  comj^ared  with  them,  not  only  in  regard  to  shape,  but 
also  in  regard  to  size. 

The  great  value  of  the  work  consists  in  the  fact  that  the  author  has 
worked  the  diiferent  processes  and  given  them  a  fair  trial,  and  recom- 
mends only  those  which  by  personal  experience  he  has  found  to  be 
reliable,  so  that  the  student,  if  he  closely  adheres  to  the  directions- 
given,  will  be  sure  to  succeed.  S. 
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Hall  of  the  Institute,  Feb.  18th,  1880. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  148  members  and  81  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  ^Managers,  and. 
announced  that  eight  persons  were  elected  members  of  the  Institute  at 
their  last  meeting.  Also  that  two  vacancies  existed  in  the  Board, 
caused  by  the  election  of  Mr.  Henry  Cartwright  as  Vice-President,, 
and  Dr.  Norris  as  Secretary. 
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Tlie  following  donations  to  the  Library  are  reported  by  the  Secre- 
tary : 

Specifications  and  Drawings  of  Patents  from  Sept.  26th  to  Dec.  31st, 
1878,  and  Jan.  1st  to  9th,  1879. 

From  the  Commissioners  of  Patents.     London. 

Holtzapifel's  Turning  and  Mechanical  Manipulation.     Vol.  4. 

From  the  Author. 

On  the  Fixed  Signals  of  Railways,  by  R.  C.  Rapier. 
Railway  Materials,     Catalogue,  by  Ransome  &  Rapier. 

From  Fred'k  Ransome. 

Specifications  and  Drawings  of  American  Patents  for  August  and  Sep- 
tember, 1879.  From  the  Patent  Office.     Washington. 

Reports  on  Experiments  in  Boiler  Bracing, 
From  the  Bureau  of  Steam  Engineering,  Navy  Dep't,  Washington. 

Biographical  Sketch  of  William  Penn. 

From  the  Historical  Society  of  Penna. 

Annual  Report  of  the  Chief  of  Ordnance  to  the  Secretary  of  War 
for  1879. 

Ordnance  Meraorandas  Nos.  1,  2,  4  to  10,  12  and  13. 

From  the  Chief  of  Ordnance.     Washington. 

Annual  Report  of  the  Secretary  of  the  Treasury  on  the  state  of  the 
Finances  for  the  year  1879. 

Annual  Reports  of  the  Director  of  the  Mint  to  the  Secretary  of  the 
Treasury  for  1873,  1875  to  1879. 

From  the  Secretary  of  the  Treasury. 

Xinth  Annual  Report  of  the  Trustees  of  the  State  Industrial  School 
for  Girls,  of  State  of  Xew  Jersey,  for  1879.         From  R.  Bingham. 

Thirty-fourth  Annual  Report  of  the  Director  of  the  Astronomical 
Observatory  of  Harvard  College.  By  E.  C.  Pickering.  Cambridge, 
1880. 

Annual  Report  of  the  Supervising  Inspector-General  of  Steam  Ves- 
sels to  the  Secretary  of  the  Treasury  for  1879. 

From  the  Supervising  Inspector. 

.    Documents  relative  to  the  Colonial  Historv  of  the  State  of  Xew 
York,  by  E.  B.  O'Callaghan.     Vol.  9. 

From  the  State  Library,  Albany. 

Centenary  of  the  Birmingham  Library,  1779. 

From  I.  Norris,  M.  D. 

Mr.  George  S.  Strong  read  the  paper  announced  for  the  evening,  on 
^'  Incrustations  and  Scale  in  Boilers." 
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In  introducing  his  subject,  he  said  that  while  a  great  deal  of  atten- 
tion had  been  given  to  perfecting  the  engine,  too  little  attention  had 
been  paid  to  the  evaporative  power  of  boilers.  It  is  a  fact  recognized 
by  the  best  engineers  that  a  scale  of  one-sixteenth  of  an  inch  causes  a 
loss  of  twenty  per  cent,  in  the  evaporative  power  of  a  boiler,  and  the 
increase  in  loss  is  very  rapid  as  the  thickness  of  scale  increases. 

He  ventured  the  opinion  that  eighty  per  cent,  of  the  boilers  in  the 
country  have  a  scale  of  from  one-sixteenth  to  half  an  inch,  and  even, 
more.  The  difficulty  arises  from  vegetable  and  earthy  matter  held  in 
suspension,  and  solid  matter  held  in  solution.  These,  becoming  heated,, 
are  precipitated  and  settle  to  the  bottom  and  sides  of  the  boiler  or  in 
flues  and  tubes  where  these  are  u.sed.  When  there  is  only  mud  and 
vegetable  matter  in  the  water,  the  deposits  can  be  blown  out  and  the 
boiler  thus  kept  clean.  But  where  there  is  mineral  matter  in  the 
water,  which  is  generally  the  case,  it  becomes  a  most  difficult  matter 
to  keep  the  boiler  clean. 

Mr.  Strong  described  the  mineral  deposits  made  on  boilers.  The 
most  common  and  dangerous  of  these  is  sulphate  of  lime.  It  is  pre- 
cipitated by  heat  in  small  crystals  or  flakes,  which,  after  forming  a. 
thin,  hard  scale,  breaks  off  and  forms  again  in  bunches,  making  the 
boiler  liable  to  be  burned,  especially  if  fired  with  soft  coal.  A  high, 
degree  of  temperature,  290  degrees  Fahr.,  is  required  to  precipitate 
the  sulphate  of  lime.  Carbonate  of  lime,  magnesian  lime,  oxide  of 
iron,  alumnia  and  sulphuric  aCid  are  also  sometimes  found  in  water 
and  form  scales,  giving  great  trouble.  They  are  all  precipitated  by 
heat  generally  of  212  degrees  Fahr. 

A  number  of  photographs  were  exhibited  by  the  lantern  in  connec- 
tion with  this  subject,  and  the  paper  was  discussed  by  Messrs.  Cooper,. 
Cartwright  and  Orr. 

The  Secretary  read  a  short  paper  describing  the  "  Burgess  Portable 
Mechanical  Blowpipe,"  and  the  various  attachments  for  different  pur- 
poses. 

This  is  a  simple  and  efficient  device  for  maintaining  a  continuous 
supply  of  air  for  blowpipe  use.  The  general  appearance  of  the  blow- 
pipe was  shown  by  engravings.  The  pump  cylinder  is  mounted  on 
an  arched  stand,  and  contains  a  piston  having  a  valve  opening  upward.. 
The  piston  is  connected  with  the  foot  pedal  by  a  forked  connecting; 
rod,  and  is  moved  by  a  slight  and  easy  motion  of  the  foot. 
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The  upper  end  of  the  pump  cylinder  is  closed,  with  the  exception 
of  a  valve  aperture,  which  is  covered  by  a  valve  opening  upwards  into 
a  cylindrical  air  reservoir  secured  to  the  upper  end  of  the  pump. 

Near  the  top  of  the  air  reservoir  there  is  a  nipple  to  which  is  attached 
a  flexible  tube  communicating  with  the  blowpipe.  The  pipe  outlet  is 
much  smaller  than  in  the  mouth  blowpipe,  to  permit  of  maintaining  a 
pressure,  which  may  be  increased  or  diminished  by  a  quick  or  slow 
motion  of  the  treadle.  The  air  chamber  is  easily  filled,  and  when 
charged  affords  a  constant  supply  of  pure  air.  The  machine  is  light 
and  portable,  weighing  but  twelve  pounds,  and  measuring  24  inches 
in  height.  The  pump  cylinder  is  2^  inches  in  diameter,  with  3  inch 
stroke.  For  light  and  delicate  work,  when  a  gentle  flame  is  required, 
a  pressure  of  one  or  two  pounds  is  given,  but  for  brazing,  annealing, 
fusing,  etc.,  when  a  large  flame  is  necessary,  a  few  rapid  strokes  of  the 
plunger  will  raise  the  pressure  in  the  receiver  to  from  10  to  12  pounds, 
which  can  be  sustained  with  but  little  exertion. 

Mr.  J.  Elliott  Shaw  gave  an  exhibition  of  its  power  in  the  melting 
of  hard  spring  brass  and  other  refractory  metals. 

One  of  Edison's  electric  lights  was  then  shown,  for  the  first  time  in 
this  country  outside  of  Menlo  Park,  and  it  was  kindly  obtained  for 
the  Institute  by  Mr.  Addison  B.  Bnrk.  It  was  mounted  on  a  statuette 
representing  Mercury,  and  an  attempt  was  made  to  light  it  by  means 
of  the  Brush  dynamo-electric  machine  belonging  to  the  Institute.  The 
carbon  was  raised  to  a  white  heat  until  the  lamp  gave  fortli  a  light 
greater  than  the  average  one  furnished  by  the  lamps  at  Menlo  Park. 

Mr.  Burk,  to  whom  the  lamp  had  been  given  by  Mr.  Edison,  said 
that  the  machine  in  use  was  not  suited  to  the  lamp,  and  that  ^Ir.  Edi- 
son had  warned  him  that  this  was  the  case,  but  as  there  was  great 
curiosity  to  see  the  lamp,  he  had  determined  to  attempt  to  show  it. 
The  light  was  maintained  for  five  or  ten  minutes,  and  then  the  current 
increasing  rapidly,  apparently  burnt  out  the  connections,  and  in  a 
moment  the  lamp  was  broken. 

Mr.  Burk  reported  that  at  his  last  visit  to  Menlo  Park  he  had  found 
workmen  engaged  in  putting  up  a  building  to  be  used  as  a  model  of  a 
central  office,  in  which  are  to  be  placed  twenty  generators.  Mr.  Edi- 
son expects,  when  the  building  is  completed,  to  be  able  to  demonstrate 
the  cheapness  of  the  light.  He  is  at  present  engaged  in  experimenting 
with  various  natural  fibres  in  place  of  paper,  but  considers  the  carbon 
from  paper  entirely  satisfactory.     The  horse-shoes  are  not  now  made 
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iVoin  card  board,  but  from  j)ure  pajx^r  made  for  tlic  |)iirj)oso  witli(jut 
adini.xtiire  of  kaolin  with  the  celhdose.  One  of  the  lanip.s  at  Menh> 
Paik  had  been  burning  804  hours  on  Saturday,  and  seven  720  liours, 
wliile  the  others  were  of  varying  age,  from  several  hundred  to  a  few 
hours. 

Inquiries  were  made  as  to  the  horse-power  employed  in  running  the 
<lynamo-machine  which  furnished  the  light,  apparently  with  the  view 
of  ascertaining  its  cost,  but  Prof.  Houston  ex})lained  that  the  engine 
and  machine  would  undoubtedly  maintain  several  such  lights. 

Two  Brush  electric  lights  were  then  exhibited.  The  lamps  are  made 
on  a  new  principle,  and  maintained  a  very  steady  light.  Prof.  Hous- 
ton ex})lained  the  difference  between  the  light  from  incandescence,  as 
shown  in  the  Edison  lamp,  and  the  light  from  the  volatilization  of 
carbon  in  the  voltaic  arc,  as  in  the  Brush  lamps. 

The  Secretary's  report  included  an  account  of  the  Ta])ley  Letter 
File,  Burns'  Security  Sash  Locks,  Longaker's  Liquid  Measuring  Can, 
for  coal  oil,  etc.,  Eldridge's  "  Sautophone,"  an  instrument  to  assist  the 
hearing  of  persons,  and  the  "  Waterbury  Watch."  By  the  aid  of  the 
megascope,  the  latter  was  shown  on  a  large  scale  upon  the  screen,  the 
movement  being  distinctly  seen.  Papers  were  read,  on  Steel  Vessels ; 
the  Microscopic  Detection  of  Arsenic ;  the  Machinery  for  the  Removal 
of  the  Cleopatra  Needle ;  on  the  Use  of  the  Telephone  in  Europe ; 
Electric  Lights  at  Sea ;  the  Bursting  of  the  English  100-ton  Gun  ;  the 
Tay  Bridge  Disaster;  the  Cental  System;  the  "Topophone;"  and 
Modifications  of  the  Audiphone. 

The  invitation  of  the  Board  of  Managers  to  Mr.  A.  E.  Outer- 
bridge,  Jr.,  of  the  United  States  Mint,  requesting  him  to  repeat  his 
two  lectures  on  the  "  Art  of  Coining,"  etc.,  in  a  larger  hall  than  that 
of  the  Institute,  was  read  by  the  Secretary,  and  Mr.  Outerbridge's 
acceptance  of  the  same,  with  his  suggestion  that  the  proceeds  be  devoted 
to  the  Library  Fund. 

Nominations  for  Mauag-ers  beino;  announced  as  in  order,  Mr.  Henrv 
Cartwright  proposed  Mr.  Frederick  Graif  and  Mr.  W.  L.  Dubois. 
No  others  being  offered,  Mr.  Weaver  moved  that  the  nominations  be 
closed,  which  was  carried,  and  tellers  being  appointed,  the  Secretary 
was  directed  to  cast  the  vote  of  the  Institute  for  the  gentlemen  named, 
and  they  were  declared  by  the  President  duly  elected. 

On  motion,  the  meeting  adjourned. 

Isaac  Norris,  M.  D.,  Secretary. 


JOURNAL 


FRANKLIN  INSTITUTE 

OF  THE  STATE  OF  PENXSYLYAXIA, 
FOR  THE  PROMOTION  OF  THE  MECHANIC  ARTS. 

Vol.  CIX.  APRIL,  1880.  Xo.  4. 

Tiip:    Franklin    Ini^titute    is    not   responsible    for    the   statements  and    opinions 
advanced  bv  contributors  to  the  Journal. 


NAVAL  ARCHITECTURE. 


By  Chas.  H.  IIaswell,  C.  and  M.  E. 


Xo.  1. 

Results  of  Experiments  upon  the  For:m  of  Vessels. 

[Wm.  Bland.] 

Cubical  Models. 
Head  Resistance. — Increases  directly  with  the  area  of  its  surface. 
Resistance  to  Weioht. — Increa.ses  directly  as  the  weio-ht. 

Vessel's  Models. 
Lateral  Resistance. — About  one  twelfth  of  the  length  of  the  body 
immersed,  varying  with  the  speed. 

Order  of  Superiority  of  Arnidshij)  Section. 
Rectangle,  Semi-circular,  Ellipse  and  Triangle. 
The  centre  of  lateral  resistance  moved  forward  as  the  model  2)ro- 
gressed. 

The  centre  of  gravity  had  no  influence  upon  the  centre  of  lateral 
resistance. 

relative  speeds. 

Length. — Increased  length  gave  increased  speed  or  less  resistance. 
Whole  No.  Vol.  CIX. — (^ Third  Series,  Vol.  Ixxix.)  IH 
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Jh'jd/i  of  FloUition. — Less  <k'ptli  a  vessel  can  I)e  borne  upon  water, 
less  the  resistance. 

Amidship  Section. — Curved  sections  gave  higher  si)ee(l  than  angled. 
Sides. — .Slight   horizontal  curves  present  less  resistance  than  riglit 
lines. 

Curved  sides  with  one-fourth  more  beam  gave  equal  .s])eeds  with 
straight  sides  of  less  beam. 

Keels. — Length  of  keel  has  greater  effect  than  depth. 
Stern. — Parallel-sided  after  body  gave  greater  speed  than  a  taper- 
sided. 

Form  of  Bow.  Order  of  Speeil. 

Isosceles  triangle,  sides  slightly  convex,  .  .  1 

"  "  "     right  lines,  .  .  .2 

"  "  "     sliohtlv  concave  ^t  entrance  and 

running  out  convex,  ....  3 

Spheriecd  equilateral  triangle  compared  to  Equilateral  triangle,  .speed 
was  as  11  to  12.  Equilateral  triangle,  with  its  isosceles  sides,  was  as 
5  to  4. 

When  bow  had  an  angle  of  14°  with  plane  of  heel,  compared  with 
■one  of  7°  its  s})eed  was  greater. 

Bodies  Inclined  Upward  from  Amidship  Section. 

1.  Model  with  bow  inclined  from  "dead  flat,"  had  less  resistance 
than  model  without  any  inclination. 

2.  Model  with  stern  inclined  from  ''  dead  flat,"  had  less  resistance 
than  model  without  any  inclination. 

]\Iodel  1  had  less  resistance  than  model  2.     Model  with  both  bow 
and  .stern  inclined  from  "dead  flat,"  had  less  resistance  than  either  1  or  2. 
By  experiments  of  Mr.  Fronde,  resultant  speed  at  different  velocities, 
in  case  of  t\\o  large  vessels,  was  as  follows : 

4  knots,         .  ..  -6  .  .  1" 

6     "         .  .  '.    1-4      .  .  .2-3 

8     "  .    •         .  2-5  .  .  3-9 

10     "         .  .  .  4-7      .  .  .      6- 

12     "  .  .  9-  .  .  9- 

STABILITY. 

With  equal  lengths,  ratio  of  stability  is  at  its  limit  of  rapid  increase 
when  width  is  one-third  of  length,  ])eing  nearly  in  cubic  ratio,  after- 
wards it  approaches  to  arithmetic  ratio. 
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Results  of  Experimexts  fpox  the  Stability  of  Rectangular 
Blocks  of  Wood  of  Uniform  Length  and  Depth,  bft  of 
Different  Breadths. — [W.  Bland.] 

(Leno;t]i  15,  Depth  2,  and  Depression  1  inch.) 


Katiu  ol'  Stiibilitv, 


Widtli. 


Weight. 


In,K. 

Oz. 

3- 

24 

4-5 

35 

6- 

45 

7' 

55 

As  Observed, 

With  like 
Weights. 

By  Squares  of 
the  Widths. 

Bv  Cubes  of 
the  Width. 

1- 

1- 

1- 

1- 

•2-5 

2-4 

2-25 

3-375 

7- 

3-7 

4- 

8. 

11- 

4-8 

6-25 

15-625 

Hence  it  appears,  that  rectangular  and  homogeneous  bodies  of  a  uni- 
form length,  depth,  weight  and  immersion  in  a  fluid,  but  of  different 
widths,  have  stability  for  uniform  doj>ressions  at  their  sides  (heeling) 
nearly  as  the  squares  of  their  iciiUh  ;  and  that,  when  the  weights  are 
<]irectly  as  their  widths,  their  stability  under  like  circumstances  is 
nearly  as  the  cubes  of  their  width. 

Results  of  Experiments  upon  the- Stability  and  Speed  of 
Models  having  Amidship  Sections  of  Different  Forms,  but 
of  Uniform  Length,  Width  and  ^'eights. — [W.  Bland.] 

(Immersion  different,  depending  upon  form  of  Section.) 


Form  of  Immersed  Section. 

Stability. 

Speed. 

Half-depth  triangle ;  the  other  half  rectangle, 

12- 

4- 

Rectangle,             .             .             ,             . 

14- 

3- 

Right-angled  triangle,* 

7* 

3- 

Semicircle,             ,              .              .              . 

9- 

2- 

*  Draught  of  water  or  immersion  double  that  of  the  rectangle. 
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i;<)T'r()>r  and  jmmkused  suufacji':  of  hill  of  vks.sf:ls.. 

T<T  C'O.MI'I'TE  TMK  EXTERNAL  OR  BoTTOM  AXJ)  8IDE  SURFACE 
(JF  THE  Hur.E  OF  A  VeSSEL. 

Bottom  and  Side.  Rl^LE. — Multiply  the  leiij^th  of  the  curve  of  the 
aiuidsliip  section,  tjikeii  from  the  top  of  the  tonnage  or  main  deck  beams 
upon  one  side  to  the  same  j)()int  ujMtn  the  other  (omitting  the  width  of 
the  keel),  by  the  mean  of  the  lengths  of  the  keel  and  Ijetween  the  per- 
|)endicnlars  in  feet,  and  multiply  the  product  by  'Ho  or  '9  (according 
to  the  capacity  of  the  vessel),  and  the  product  will  give  the  surface 
required  in  square  feet. 

Example. — The  lengths  of  a  steamer  are  as  fo'llo\vs :  Length  of 
keel  201  feet,  and  between  the  perpendiculars  210  feet ;  length  of  the 
curved  surface  of  the  amidship  section  76  feet.  What  is  the  surface? 
(Coefficient  assumed  "87. 


210+201^2  =  205-5,  and  76  X  205-5  X'S7  =  13,587  square  feet. 

XoTE. — The  exact  surface  as  measured  was  13,650  square  feet. 

Bottom  Surface. — Rule. — Multiply  the  length  of  hull  at  the  load 
line  by  its  breadth,  and  this  product  by  the  depth  of  the  immersion 
(omitting  the  depth  of  the  keel)  in  feet ;  and  this  product  multiplied 
by  from  -07  to  -08  (according  to  the  capacity  of  the  vessel)  will  give 
the  surface  required  in  square  feet. 

Exa:mple. — The  length  upon  the  load  line  of  a  vessel  is  310  feet, 
the  beam  40  feet,  the  dej)th  of  the  keel  1  foot,  and  the  draught  of 
Mater  20  feet ;  what  is  the  bottom  or  wet  surface ? 
Coefficient  assumed  -073. 


310X40x20—1  X-073=  17,199  square  feet. 

TO   COMPUTE    POWER    REQUIRED    IN    A  STEAM    VESSEL,  CAPACITY    OF' 
ANOTHER   VESSEL    BEING    GIVEN. 

In  vessels  of  similar  models, 

L^l=r;    :_L=F;^_JL=(7and±l=i^. 
a  '       i'  r  2r 

V  representing  product  of  volume  of  given  cylinder  and  revolutions  in 
r}(befeet,  a  and  A,  areas  of  immersed  section  of  given  and  required  vessel 
(it  like  revolutions  and  speed  of  given  vessel  in  cube  feet,  s  and  S,  speeds 
of  given  and  required  vessel  at  revolutions  of  given  vessel  in  cube  feet,  r 
and  r',  revolutions  of  given  and  required  vessel,  and  C,  product  of  volume 
of  combined  cylinder  and  revolutions  for  required  vessel. 
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Illustratiox. — A  steam  vessel  having  an  area  of  amidship  section 
of  675  square  feet,  has  two  cylinders  of  a  combined  capacity  of  533"33 
-cube  feet,  and  a  speed  of  10*5  knots  per  hour,  with  15  revolutions  of 
■her  engines.  Recpiired  volume  of  steam  cylinders,  with  a  stroke  of  K* 
feet,  for  a  section  of  700  feet  and  a  speeed  of  13  knots  with  14  revo- 
lutions. 

V  =  533-33  X 15  =  8000  cube  feet,     ?22?24^9=8296-3  cube  feet, 

133X8296:3_  15,745-2  cube  feet,     15  +  1^745-2^ ^  ^^^^^^ 

10-5^  '  '  14-5 

:and    — ~ — '■ — =566-66  cube  feet,  wliich  ^-  10  stroke  of  liiston,  12  for 
2X14-0 

inches  and  X  1728  for  inches  in  a  cube  foot  =' — — !_:'_  =  8087.9 

10X12 

square  inches  area  of  each  cylinder  =  diameter  of  101*5  inches. 

APPROXIMATE    RULES    TO    COMPUTE    SPEED    AXD    IXDICATED    HoRSK 
POWER    OF   STEA:yi    VESSELS. 


IITP  f         i)§  C 

or    x"^    1 — =l;and  —^-=jjrp. 

'  A  C 

0  represenUng  cueffieient  of  i-essel,  A  area  of  immersed  amidship  sa-- 
Ition,  V  velocity  of  vessel  in  knots  per  hour,  and  D  displacement  of  vessd 
■in  tons. 

Note. ^ When  there  exists  rig,  an  unusual  surface  in  free  board 
•  deck  houses,  etc.,  or  any  element  that  effects  coefficient  for  the  class  of 
vvessel  given,  a  corresponding  addition  to,  or  decrease,  or  addition  of 
rthe  following  units  is  to  be  made : 

Range  of  Coefficients  as  deduced  from  observation  is  as  folloics : 


Sir>E  Wheel.  A  I)  V      I  HP  IHP 


Sq.  ft. 

Tons. 

Knots. 

River  steamboat  medium  lines. 

43 

73 

10 

470 

212 

a                 (i                 u                 u 

150 

465 

13 

570 

219 

"             "         fine 

136 

300 

19 

540 

200 

'Sea  steamer  medium  full  lines,* 

675 

3600 

10 

650 

214 

"           fine  lines,t 

550 

5233 

15 

650 

211 

*  Pull  rigged.  f  Bark  rigged. 
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S(  KKAV  Propeller. 


River  .steamboat  medium  lines, 

Torpedo  boat         "  " 

Sea  steamer  medium  full  lines,* 


fine  lines 


c 

ys   ;/  ys    ^ 

.1 

I) 

V 

I  HP  IHF 

k[.  ft. 

Tons. 

Knots. 

45 

12 

500 

150 

15 

530 

27 

20 

500  170 

550 

2532 

9 

570  194 

390 

1475 

10 

470  180 

3{)60 

13 

210 

Coefficients  as  Determined  by  IScveral  Steamers  of  H.  B.  M.  service. 
(C.  Mackrow,  M.  I.  N.  A.)' 


j     Length     Area  of  sec- j    Displace* 
I^^"ot''-         Beam.        ^^''^  ^*  ^-  nienf. 


IHP. 


Speed. 


IHP~ 


Heel. 

Sq.  ft. 

Tons. 

Knots. 

185 

6-53 

236 

775 

782 

10-34 

333 

212 

5-89 

377 

1554 

1070 

10-89 

456 

360 

7-33 

814 

5898 

2084 

11-5 

598 

270 

6-43 

632 

3057 

2046 

12-3 

574 

380 

6-52 

1308 

9487 

3205 

12-05 

714 

400 

6-73 

1198 

9152 

5971 

13-88 

536 

362 

7-33 

778 

5600 

3945 

14-06 

548 

400 

6-73 

1185 

9071 

6867 

15-43 

634 

Peopoetion  of  Power  Utilized  in  a  Steam  Yessee. 
side  wheel. 

P—Z 


=  C.     P  i'ef)i'esenting   r/ross  Indicated  Horse- 

■000002Dd  Xd^Xr^ 
Power,  z,  loss  of  effect  by  slij)  and  oblique  acti&n  of  wheel  {or  propeller),, 
d,  diameter  of  wheels  at  centre  of  effect,  r,  revolutions  pe>-  minute,  and  G,. 
coefficient  for  the  vessel. 

Illmtration. — The  indicated  horse-power  of  the  engines  of  a  side- 
wheel  steamer  is  1120;  the  slip  of  the  wheels  and  loss  bv  oblique 
action,  33-37  per  cent. ;  the  diameter  of  the  centre  of  eifect  of  the 
wheels  is  29'5  feet,  and  the  number  of  revolutions  13^5  per  minute ; 
what  is  the  coetficient,  and  what  the  power  applied  to  propel  the- 
vessel  ■? 

Note. — The  slip  of  the  Avheels  from  their  centre  of  effect  in  this  case- 
is  15-37  per  cent.,  and  the  loss  by  oblique  action  IS  per  cent.    Hence.. 

*  Full  rigged. 
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representing  the  total  power  bv  100,  100  —  (18  +  15-37)  =  66-63  per 

cent,  of  the  power  applied  to  the  wheels. 

As  the  assumed  power  that  operates  upon  the  wheels  in  this  case  is. 

taken  at  86-12  per  cent,  of  the  power  exerted  by  the  engines,  86*12  X 

22-37  =  28-74  per  cent,  for  the  sum  of  loss  by  the  wheels. 

1120— (1120X28-74-^100         798-11         "   -  .^       m  ■     . 

!^ :=  =  60-53  coeincient. 

-00000259  X  29-5^x13-52  12-16 

The  speed  of  the  vessel  being  10  knots  per  hour  =  17*05  feet  per 

second,  the  power  applied  to  propel  the  vessel  at  this  speed  =  65"63 

X  17*05^  =  19,076*13,  and  the  horse-power  exerted  = 

19,076*13X17*05  X  60        ....  o.  , 

— =  o91*3b  horses-power. 

33,000  •  ^ 

Side  Wheel 

Horse-  Per  cent, 

power.  of  power. 

Friction  of  engines  1*5  lbs.  upon  3848  sq.  ins.  X 

13-5  revolutions  X  10  X  2  -^  33,000  X  2  =       94-45  ^ 

Friction  of  load  6  per  cent,  upon  pressure  of  steam,  V  18-83 

less  the  2  lbs.  for  friction  of  engine,  as  above  =  60-45  ) 

Oblique  action  of  wheels  =  201*6  18* 

Slip  of  wheels  =  172*14  15*37 

Absorbed  by  propulsion  of  vessel  591*36  52-8 


Screw  Propeller'. 


1120*  100- 


Horse-  Per  cent, 

power.  of  power. 


18-83 


Friction  of  engines  =  96-06 

"        of  load  =  81-48 
"        of  scre^V  surface  and  resistance  of  edges 

of  blades  =  53-44               6-83 

Slip  of  propeller  =  205*55             26*27 

Absorbed  by  propulsion  of  vessel  375*92             48*04 


782*45    .       100- 
Frora  experiments  of  Mr.  French,*  he  deduced  that,  as  a  rule,  that 

only  37  to  40  per  cent,  of  whole  power  exerted  was  usefully  employed. 
With  an  auxiliary  propeller,  essential  difterences  are  in  friction  of 

surfaces  and  edges  of  blades  of  propeller  and  slip  of  propeller,  being 

*  TransactioiT^  of  Institution  of  Naval  Arcliitects,  vol.  xvii. 
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as   12  to  6"83   in  excess  in  first  fasc,  and  as  l'j'7  to  2G"-!7  in  second 
case,  or  50  per  cent.  less. 

To  CoMi'T"i'i;   Till;  IwEsistan'cj-:  to  the  Wkt  Sii.'fack  of  the 
Hull  of  a  Vessel. 
C  a  V-  =  R.     C  representing  a  coefficient  of  resistance,  a  area  of  wet 
.surface  in  square  feet,  and  v  velocity  of  hull  in  feet  per  second. 


Values  f  "007,  clean  copper, 
of  C,  \  •()!,    smooth  paint. 


•014,  iron  plate. 

•019,  iron  plate,  moderately  foul. 
Tlie  power  rei[uired  to  ])ropel  one  square  foot  of  immersed  amidship 
section  at  "  dead  flat "  is  '073  that  of  smooth  wet  surface. 


Elements   of   Capacity   and   Speed"  of   Several    Types    of 
Steamers  of  E.  N.     (W.  H.  White.) 


Cla.'sses 


Length 

to 
Breaatb. 


Displacement.  [ 


Speed. 


I.  H.-P. 

to 

D  i  s  p  lace-  D  i  s  p  lace- 


Early  types 380  to  400  G-.5   to    6-75  9000  to  10500 

!  i 

llwvut    "   300  to  330|5-25to    .5-75;7o00  to    0000 

"     twin  s-n-w* •_>^)l i  to  :li'n  4  •  "■    t..     ".  •       mn,,   t,.     <iiinn 

J'liarmored. 

^\  ilt  cruisers 270  to  340  O'o   to    G-75:3000to    odOO 

1  t 

I  orvettes i2U0  to  22"  r,  jlSOO  to    2000 

Sliii>s .■;         160  850  to      950 

I 
Gnu  vessels 12.">  to  17U  0  o   to    6 -25    420  to      800 

<;uu  boats  (coast) Soto     On  :v      to    S-2r>    200  to      250 

^ferchant. 

Mail,  large 4U0  to  500 /J-      toll"      7000  to  10000 


"     smaller 300  to  400 

Cargo,  large J250  to  350 


8 •     to  10  • 
7-5   tolO-. 


smaller 200  to  30017- 


5000  to     7000 
3000  to    6000 

1500  to    4000 


Knots. 
to  14- 
to  15  • 

1..  I  -  • 

to  to- 
75  to  13- 
11 

5     to  11  • 
to     0- 

to  1 J  - 
to  14- 
to  15- 
to  11- 


•6  to    -7 
•9tol- 


1 

25  1 

1 


3  to  1  -5 

to  1-2 

to  1-2 

8  to  1  -4 

8  to  1  -1 


•0  to 

•6  i 

•4  to 

•5 

•3  to 

•5  i 

2    to   2 

-4 

11  to  14 
16  to  20 


20  to  -^i 
13  to  14 
10  to  11 

7  to  11 

5  to    7 

10  to  11 
7  to  10 
5  to  9 
3  to    C 


TO  COMPUTE  ELEMENTS  OF  A  VESSEL. 
DISPLACEMENT     AND      ITS      CENTRE     OF     GRAVITY. 

Displacement  of  a  vessel  is  volume  of  her  body  below  water-line, 
or  line  of  immersion. 

Centre  of  Gravity,  or  Centre  of  Buoyancy  of  Displacement,  is  centre 
of  gravity  of  >vater  displaced  by  hull  of  vessel. 
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For  Displacement.  Rule. — Divide  vessel,  on  half  brcaclth  plan, 
into  a  nil  HI ber  of  equidistant  sections,  as  one,  two  or  more  frames, 
commencing  at  "  dead  flat "  and  running  each  side  of  it.  Add  together 
lengths  of  these  lines  in  both  fore  and  aft  bodies,  except  first  and  last,  by 
by  Simpson's  rule  for  areas ;  multiply  sum  of  products  by  one-third 
•distance  bet\yeen  sections,  and  i)roduct  will  give  area  of  water-line 
between  fore  and  aft  sections. 

Then  compute  areas  contained  in  sections  forward  and  aft  of  sec- 
tions taken,  including  stern  and  rudder  post,  rudder  and  stem,  and 
add  sum  to  area  of  body  sections  already  ascertained. 

Compute  area  of  remaining  Avater-lines  in  like  manner. 

Tabulate  results,  and  multiply  them  by  Simpson's  rule  in  like  man- 
ner as  for  a  water-line,  and  again  by  consecutive  number  of  water- 
lines,  and  sum  of  products  between  water-line,  and  product  will  give 
volume  l)etween  load  and  loM'er  water-line. 

Add  area  of  lower  water-line  to  area  of  upper  surface  of  keel ;  mul- 
tiply half  sum  by  distance  between  them,  and  product  will  give  vol- 
ume. Compute  areas  contained  in  sections  forward  and  aft  of  sections 
taken  as  before  directed. 

If  keel  is  not  parallel  to  lower  water-line,  take  average  of  distance 
between  them. 

Compute  volume  of  keel,  rudder  post  and  rudder  below  water-line  ; 
add  to  volume  already  ascertained,  mu]ti})ly  jiroduct  by  two,  for  full 
Ijreadth,  and  product  will  give  volume  recpiired  in  ••uliic  f(M't.  nil 
dimensions  being  taken  in  feet. 

Examplp:. — Assume  a  vessel  100  feet  in  length  by  20  I'eet  in 
extreme  Ijreadth,  on  load-line  of  8  feet  9  inches  innnersion.  Figs.  1 
and  2. 
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Distance  Ijetween  sections,  for  purpose  of  simplifying  this  example, 
is  taken  at  10  feet ;  usually  frames  are  18  to  30  inches  apart,  and  two 
or  more  included  in  a  section.     Water-lines  2  feet  apart. 
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Keel. 
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1st  water-line,          711* 

- 

=       711- 

2d           "                 612- 

X 

4 

=     2448- 

1 

=     2448- 

;;d           "                495-4 
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=       990-8 
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=     1981-S 

4th          "                297-3 

u 
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o 
O 

=     3567-6 

Keel,                          24-8 

24-8 

ii 

4 

=         99-2 

5363-8 
2 

S096-4 

3)10727-6 

Displacement,  3575-9x2=7151-8  cube  feet. 

FOR   CENTRE    OF    GRAVITY. 

Rule. — Divide  sum  of  products  obtained  as  above  by  consecutive 
water-lines,  by  sum  of  products  obtained  in  column  of  products  by 
Simpson's  multipliers,  and  quotient  multiplied  by  distance  between 
water-lines  will  give  depth  of  centre  below  load  water-line. 

Illustration'. — 8096-4,  from  above,  -^  5363-8  =  1-5,  which  X 
2  =  3  feet. 
n 

Or  o  /o        X)    :=  d.     n  representing  draught  of  water  exclusive  of 
an 
any  drag  of  keel,  a  area  of  immersed  surface  of  hull  in  square  feet,  and 
D  displacement  in  cube  feet. 

Illustratiox. — Assume  draught  of  water  8  feet,  displacement 
7152  cube  feet,  and  area  of  immersed  surface  of  hull  1100  square 
feet. 

? 8 

Then      ,-^    -,  _      7152       =  2^^-1:107  ^  '^"■"'^  *^^^- 
1100X8^  ■ 
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By  Robert  Grim.siiaw,  Ph.D. 

Contimiefl  from  page  ITo. 


The  Circular  Saw. — During-  all  the  centuries  which  witnessed 
tlie  birth  and  rise,  the  haughty  supremacy  and  the  fall  of  nations  in 
successive  turns,  no  important  change  Avas  made  for  the  better  in  the 
manufacture  of  saws,  until,  in  1790,  a  device  Avas  brought  out  by 
Brunei,  by  which  cutting  should  be  continuous.  In  other  words,  tlie 
application  of  the  rotary  })rinciple  to  power-driven  saws  was  given 
practically  to  the  world.*  While  the  circular  saw  was  first  practically 
used  in  Holland,  its  development  is  due  to  England  and  America — 
especially  the  latter. 

The  circular  or  "  buzz "  saw,  not  having  inertia  to  overcome  in 
revolving,  has  a  higher  cutting  speed  of  teeth  than  the  reciprocating, 
besides  this  advantage  of  continuous  cutting. 

It  is  made  with  solid  and  with  removable  teeth.  AVe  shall  consider 
the  solid-toothed  variety  first. 


Flff.  40.    Eif/ht-toofhed  Weatherboard  Sair. 

(From  Holzapffel,  1846.) 


It  consists,  in  its  application  to  wood  cutting,  of  a  circular  disk  oi 
•steel,  rolled  to  even  gauge,  and  then  generally  ground  thinner  either 
in  the  centre  or  at  the  rim,  after  the  teeth  are  cut. 

As  a  general  thing,  the  teeth  of  circular  saws  are  more  distant, 
more  inclined,  and  more  set,  than  those  of  rectilinear.  But  their 
:action  may  be  referred  to  the  tangent  qf  the  circle  at  each  tooth,  just 
as  in  strai<>ht  saws  to  the  line  of  the  blade. 


*T]ie  eirt-ular  saw  appears  in  a  British  patent  of  Miller,  Mo.  1152  of  1771.     Tlit 
full  text  may  be  found  in  Rioliards'  work  on  Wood  Woi-king  Macliines,  page  6. 
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Tlie  teeth  are  more  distant,  because  their  great  velocity  makes  their 
•  tfect  ahiiost  continuous.    In  one  variety  used  for  cutting  feather-edged 
if  weather  boards  and  taking  a  very  deep,  wide  cut,  this  is  carried  tO' 
;in  extreme — there  being  but  eight  sectional  teeth  (see  Fig.  40).    Few- 
ness of  teeth  gives  the  necessary  increased  throat  room  for  sawdust. 


Fifj.4l.     Lane  <C  Bodley's  Side  Guide. 

Their  teeth  are  more  inclined  because  they  have  additional  i)Ower- 
by  reason  of  their  great  velocity,  and  hence  can  stand  the  extra  front 
rake. 
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TJiey  are  more  set  to  make  a  wider  kerf,  rec^iiired  In'  reason  of  the 
waving-  and  wal)ljling  at  liigli  speeds  of  the  disk,  which  cannot,  of 
oonrse,  even  if  perfectly  homogeneons  and  true,  and  unaltered  l)v  heat, 
be  kept  as  rigid  as  a  strained  straight  Ijlade.* 

Tlie  circular  saw  is  easily  run,  and  at  a  high  speed.  But  jl  letpiiiv.- 
continuous  attendance,  the  work  being  so  rapidly  done  as  to  l)e  in  tlie 
operator's  hands  nearly  all  the  time. 

Circular  saws  ordinarily  run  I'DQO  to  10,<)U<)  feet  per  minute,  or 
200  times  as  fast  as  a  push  cut  hand  saw,  which  makes  about  100  feet 
per  niinute,  cutting  only  lialf  the  time. 

We  may  say  for  disks  12  inches  diameter,  3000  revolutions  pei' 
minute;  2  feet  diameter,  1500  revolutions;  3  feet,  1000  revolutions; 
4  feet,  750  revolutions ;  5  feet,  600  revolutions. 

Shingle  and  some  other  saws,  either  riveted  to  a  cast  iron  collar  oi 
very  thick  at  centre  and  thin  at  rim,  may  be  run  with  safety  at  a 
greater  speed.  Shingle  saws  are  tapered  to  14  or  15  gauge,  and  run 
from  30  to  48  inches  in  diameter.     We  give  herewith  a 

Table  of  Speed  foe  Ciecular  Sa"\\'>. 

Size  of  Saw.  Rev.  per  min.      Size  of  Saw.       "  Kcv.  {)er  iiiin. 

8  in.  .     .     .  4500  42  in.  .     .     .  870 

10  in.  .     .     3600  44  in.  .     .     840 

12  in.  .      .  '    .  3000  4(3  in.  .      .      .800 

14  in.  .      .     2585  48  in.  .      .     750 

16  in.  .      .      .  2222  50  in.  .      .      .  725 

18  in.  .      .     2000  52  in.  .      .     700 

20  in.  .      .      .  1800  54  in.  .      .      .  675 

22  in.  .      .     1636  oQ  in.  .      .     650 

:24  in.  .     .     .  1500  58  in.  .      .     .625 

26  in.  .      .   ,  1384  60  in.  .      .     600 

28  in.  .      .      .  1285  62  in.  .      .      .  575 

30  in.  .     .     1200  64  in.  .     .     55() 

32  in.  .     .     .  1125  66  in.  .     .     .  545 

34  in.  .     .     1058  68  in.  .     .     529 

36  in.  .      ,      .  1000  70  in.  .      .      .514 

■38  in.  ...      950  72  in.  .     .     500 

40  in.  .      .      .900 

*  Something  partly  answering  the  i^iirpose  of  straining  is  gained  by  the  "side 
guides"  of  large  circular  saws.     See  Fig.  41. 
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Richards,  in  his  "  Operator's  Handbook,"  gives  the  following  speeds 

for  circulars : 

Peripheral  Velocity, 
K.  P.  M.  Feet  per  mln. 

.  1500  14,100 

■  .     1800  14,100 

.  21  ()0  13,700 

2400  12,500 

.  2700  10,600 

3000  7,000 

For  shingle  making  the  circular  saw  is  sometimes  run  horizontally, 
as  illustrated  in  Fig.  42,  which  shows  the  largest  shingle  machine  in 
the  world. 

A  shingle  saw  should  be  re-ground  as  soon  as  it  wears  down  to  14 
gauge,  as  the  thinner  the  saw  used  the  more  jirofit.  It  does  not  pay 
to  cut  timber  into  sawdust  instead  of  shingles. 

Simonds'  36-inch  shingle  saws  (said  to  be  not  hammered)  make 
from  1925  turns  per  minute,  and  116  clips,  up  to  2200  revolutions. 

The  circular  saw  should  not  be  used  on  work  thicker  than  one-third 
the  saw  diameter.  A  20-inch  srpiarc  "cant"  or  log  would  necessitate 
n  60-inch  circular  saw,  which  may  l)e  -Jj  inch  tliick  and  make  a  kerf 
of  -^  inch.  But  some  economy  of  kerf  and  hence  of  time,  power 
and  material  is  gained  by  the  "double  circular"  mill,  having  two 
smaller  circulars  rotatinsi'  in  the  same  direction,  one  cutting:  from  the 
top,  the  other  from  the  bottom  of  the  log,  in  the  same  plane — one 
slightly  in  advance  of  the  other  (see  Figs.  43  and  44). 


Fif/.  43.    ''Double  "  Circular  Saws. 


Thus  the  20-inch  log  cited  above  could  be  worked  by  two  30-inch 
circulars  -^  inch  thick,  and  cutting  only  ^  inch  kerf.  In  general, 
the  top  saw  is  smaller  than  the  bottom  one,  the  lower  one,  after  suc- 
cessive reductions  of  diameter  by  sharpening,  being  moved  to  the  top 
mandrel. 

In  California,  redwood  logs  ten  feet  in  diameter  are  sawed  with 
three  62-inch  vertical  circulars,  one  above  the  other,  in  connection 
with  a  small  horizontal  circular  which  divides  the  board  in  the  line  of 


G'rimsh  aw — >SV/  ics. 


[Jour.  Fnink.  In.nt., 


I  Ik-  Mi-hor  of  tlie  iniddlc  saw.  The  two  lower  ones  cut  -jH  inehes 
l>et\veen  them,  and  the  upper  one  takes  20  Inehes,, 

In  the  choice  of  velocity  and  teeth  of  cireuhir  saws,  there  must  be- 
taken into  consideration  the  hardness  and  grain  of  the  material  to  be 
<'ut ;  its  greater  or  less  freedom  from  moisture,  from  gummy  or  resin- 
ous matters,  and  from  spikes;  also  its  size  and  the  degree  of  smooth- 
ness required  in  the  surfaces  left.  The  harder  the  wood  the  smaller 
and  more  upright  should  be  the  teeth,  and  the  less  their  velocity  and 
tlie  rate  of  sawing. 

Fig.  45  shows  the  circular  saw  solid  tooth  for  soft  wood ;  Fig.  4(> 
that  for  hard  wood. 


Fiff.  4o.    For  Soft  Wood, 


Fig.  46.    For  Hard  Wood. 


In  cutting  lengthwise  with  the  fibres  (slitting,  ripping),  the  teeth 
should  be  coarse  and  inclined,  and  the  speed  moderate,  so  as  to  cut 
rather  than  abrade ;  as  fine  sawdust  takes  more  power  to  make  it  than 
coarse. 

Cutting  across  grain  (cross-cutting,  crossing)  requires  finer  and 
more  upright  teeth  and  greater  velocity  than  in  the  last  case,  so  that 
each  fibre  may  be  rather  cut  by  successive  teeth  than  toim  by  only  one. 

The  teeth  should  be  as  hooking  as  they  will  bear,  except  for  lath 
saws,  where  the  stuff  is  fed  by  the  saw  under  the  arbor,  and  for  side 
cutting  shingle  saws,  where  this  would  cause  too  fast  speed. 

The  more  inclined  a  circular  saw  tooth  is  the  easier  it  cuts.  With 
less  rake,  however,  the  cut  is  smoother. 


I  >'J.  44.    Do,me  Ccvlar  Saw  Mill. 
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The  teeth  of  the  "  circular  "  meet  the  fibres  at  varying  angles.  The 
fibres  at  the  top  of  the  "  cant "  are  met  at  a  very  acute  angle ;  those 
at  the  bottom  at  almost  a  right  angle.  (Fig.  47.)  It  follows  that  tlie 
first  are  cut  to  the  best  advantage,  and  that  narrow  cuts — that  is,  those 
of  medium  height  of  cut — are  sawed  less  economically  than  thick 
ones,  the  position  of  the  table  being  the  same. 


Fiff.  47.     Action  of  Top  and  Bottom   Teeth  of  Circular  Saws 

Compared. 

Theoretically  speaking,  to  effect  the  greatest  economy  in  cutting,  the 
table  or  carriage  should  be  kept  high  up,  so  that  the  cant  should  be  as 
nearly  as  possible  tangential  to  the  disk. 


Figs.  48,  49  and  50  show  teeth  made  to  various  tangents. 
Whole  No.  Vol.  CIX.— (Third  Series,  Vol.  Ixxix.) 


17 


234  Ghnmshaw — SaiCS.  [Jour.  Frank.  Inst., 

For  pine,  spriu-o  and   Iieinlock   tlic  tcetli  should  be  cut  t(^  u  tangent 
to  a  circle  half"  the  saw  diameter. 


Fiff.  30. 

The  old  "  Barber  "  })atent  tooth  had  the  under  side  concaved  out, 
and  cut  very  sweetly.  The  Emerson  inserted  tooth  of  the  present  day 
has  this  same  feature. 

The  Knowles  tooth  for  circulars  had  its  back  slightly  relieved — 
which  really  amounted  to  having  the  point  slightly  upturned. 

The  Gridley  tooth  for  circular  saws,  shown  in  Fig.  51,  as  iu  order 
for  work,  has  both  spring  and  sjiread  set.  By  use  it  becomes  worn 
and  rounded,  as  in  Fig.  52.  For  light  power  and  tough  sawing  it  is 
said  to  do  well.  Its  cutting  point  must  be  kept  up  square  and  full,  as 
when  rounded  and  dull  (Fig.  52)  it  takes  more  power  and  turns  out 
poorer  lumber.  .  It  should  be  filed  almost  exclusively  on  the  under 
side  (as  should  any  other  tooth). 

An  arrangement  of  circular  saw  teeth,  which  is  a  development  of 
the  increment  tooth  referred  to  under  the  head  of  teeth,  has  sections 
of  the  periphery  arranged  with  increasing  spaced  teeth — the  inventor 
claiming  smoother  cutting  Avitli  less  consumption  of  power.  He  states 
that  at  Cincinnati  a  7  gauge,  56-inch,  variable  spaced  circular  used 
from  7  to  20  horse-power  less  than  any  other  of  the  same  thickness. 
(See  Fig.  53.) 

The  points  onh/  of  circular  saw  teeth  should  touch  the  lumber. 
They  should  be  kejjt  sharp  by  constant  filing,  and  set  by  springing  and 
swagino;,  so  as  to  clear  the  blades. 

The  American  tendency  is  towards  extra  thin  saws,  as  lumber 
becomes  more  and  more  valuable.  They  are  now  made  to  54  inches 
diameter,  as  thin  as  Xo.  12  gauge  at  rim  and  11  at  centre;  66  to  72 
inches  diameter,  No.  10  at  rim  and  9  at  centre.     In  extra  thin  saws 
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it  is  necessary  to  use  a  larger  number  of  teeth  than  in  thicker  ones. 
Every  -^  inch  sa\ed  in  the  M'idth  of  saw  kerf  saves  1000  feet  of  lum- 
ber in  every  16  M  sa\yecl. 


A  circular  saw  has  a  great  amount  of  difficult  work  to  do,  ra})idly. 
It  is  something  more  than  a  hard  steel  disk.  It  must  keep  its  posi- 
tion and  work  well  when  in  rapid  rotation  and  doing  hard  duty. 

There  is  little  real  difficulty  in  making  a  "  circular  "  with  almf »st 
any  kind  of  tooth,  that  will  run  well  when  new;  but  the  steady  use 
and  coiLstant  changing  of  the  teeth  for  months  are  sure  to  point  out 
all  their  defects. 
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Hani   circular   plates  heat  ea.sier  than  <*)i\,  nnil  (li\ 
irreatei*  lieatiuy;  tlian  wet. 


Iiiiiiln'r  cMii-i- 


Fig.  53.    Andrews'  Increment  Toothed  Circular. 

A  taper  circular  M'ill  stand  a  higlier  speed  than  an  even  gauge  cr- 
one ground  thinnest  in  the  centi'e,  as  there  is  less  weight  at  the  v'nxx. 
and  consequently  less  centrifugal  force. 

As  a  slight  oifset  to  the  advantage  that  rim  tapering  gives  a  circular,, 
there  is  this :  that  as  the  saw  gets  smaller  it  gets  proportionately  thicker,, 
when  it  does  not  need  as  great  a  thickness  to  keep  it  stiff. 

Veneer-cutting  circular  saws  are  employed  for  making  veneers  or 
very  thin  j)lates,  generally  of  valuable  woods.*  They  are  designedly 
thinner  at  the  edge  than  in  .the  centre,  as  the  sheet  removed  readilr 
bends  aside.  They  are  either  solid  or  segmented.  The  edge  must 
run  exceedingly  true,  and  the  teeth  be  sharp  and  very  faintly  set.  The 
segments  are  from  5  to  10  gauge,  ami  are  12  inches  in  diameter. 

A  segment  for  large  saws  is  shown  in  Fig.  54,  and  a  veneer  sawing 
machine  in  Fig.  55.     . 

*  Knife  or  splitting  machines  for  this  purpose  answer  well  enough  for  straight 
grained  and  pliant  woods,  as  Honduras  mahogany,  but  not  for  irregulai'^  harsh  and 
l)rittle  grain,  such  as  rosewood — as  in  the  la.st  case  the  veneer  curls  up  considerably 
on  removal,  and  has  a  di.sposition  to  split  and  become  pervious  to  glue; 
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While  circular  saws  for  wood  can  be  made  up  to  80  and  100  inches 
diameter,  there  are  also  .smaller  "circulars"  used  for  such  work  as 
cutting  notches  iu  telescopes  and  in  screw  heads,  slits  of  bat's-wing  gas 
burners,  etc.  The  teeth  of  these  last  are  sometimes  serrated  with  a 
screw  cutter  or  taj),  as  in  making  the  teeth  of  a  worm-wheel.  Perhaps 
the  iinest  circular  saws  made  are  those  for  slitting  the  nibs  of  gold 
pens.  The  exact  size  of  -one  is  shown  in  Fig.  56.  It  is  ^-oo"  i"^^ 
thick,  and  makes  4000  revolutions  per  minute.  The  cut  is  engraved 
hy  using  as  a  transfer  the  saw  itself,  kindly  loaned  by  Mr.  Eberhard 
Paber,  of  New  York.  ^c  *  *  *  * 


^  J 1  n  1  f  f  ( 1 1 ,  ^ 


Fig.  54:.     Cuftinff  Segment 
of  Circnlai'  Saw. 


Fig.  ,">(>.     Saw  for  Gold 
Fen  Slits. 


For  sawing  loaf  sugar  circular  saw  teeth  are  V-shajied,  one-half 
inch  apart,  gauge  Xo.  10,  with  great  set.  A  36-inch  sugar  saw  runs 
■  only  al)out  300  revolutions  and  under. 

For  hory  the  teeth  are  \/ -shaped,  12  ])oints  to  the  inch,  with  no 
set.  These  circulars  are  2  to  10  inches  diameter,  and  of  from  19  to 
-22  gauge. 

For  hone  a  9J-inch  saw  has  100  teeth,  "handsaw"  style  in  outline. 
The  plate  is  22  gauge,  and  an  additional  ^^2"  "^ch  set  is  given. 

For  iron  tlie  handsaw  tooth  is  used,  with  no  set ;  space,  1 2  points ; 
:a  4-inch  saw  of  14  to  22  gauge  runs  150  revolutions. 

For  cutting  off  wrought  iron  and  steel  beams  Disstons  recommend 
a  circular  44  inches  diameter  and  about  \  inch  thick,  having  peg 
teeth  I  inch  apart,  with  no  set,  and  rmming  slowly  where  neat  cutting 
"is  required — say  only  150  to  180  feet  per  minute  peripheral  speed. 

Richardson  Bros,  say  that  circulars  for  Avrought  iron  should  have  a 
speed  of  about  150  linear  feet  per  minute;  for  cast  or  malleable  iron, 
•one-fourth  faster,  or  say  190  feet  per  minute. 

For  white  or  Britannia  metal,  one-fifth  the  revolutions  for  wood  (say 
1800  feet  per  minute),  but  a  larger  tooth  than  for  iron. 

For  brass,  as  fast  again  as  for  iron — say  300  to  375  feet  per  minute. 

-As  regards  the   question  of  few  or  many  teeth  for  wood   cutting. 
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o[)ini(»iis  (lirtcr,  and  yet  porliai)^- 
witliout  cause.     The  writer  in- 
clines to  tlie  l)cliet'  that  while 
the  fewer  the  teeth  the  higher 
the  feed  capable  per  tooth,  and 
the  more  ehi.sel-like  the  action 
of   the   teeth,  —  yet    there  are 
ca.ses  where  by  reason  of  light 
power  and  hard  cut  more  teeth 
are  necessary.     Certainly  thin 
saw'S    require  the  mast  teeth ;. 
or,  to   put  it  the  other  way,, 
increasing  the  number  of  teeth 
^    enables   the  use  of   a  thinner 
;~     .saw  and  less  power. 
^        Fineness  of  teeth  also  gives> 
'^.  smoothness  of  lumber,  as  the 
J'  teeth  are  stifter  and  less  likely 
~    to  lead  into  tlie  wood,  and  the 
■^    saw  marks  are  closer  together 
£    than  with  many  teeth. 
i        In  some  piu'ts  of  our  South- 
ern States    where   formerly    a 
5(j-in('li  circular  had  but  26  to 
28  teeth,  now  there    may   be 
found  a  very  lai-ge  proportion 
of  oG-inch  disks  with  oG  teeth. 
The  fewest  number  of  teeth 
we   know  of  in  a  rotating  .saw 
is  iii-o  ;  there  being  simply  two- 
lono;  arms  with  a  central  hub,, 
revolving  on  an  arbor,  and  chi- 
seling  their  way   quietly    and 
slowly   through    a   log.     This 
could     hardly    be     termed     a. 
"circular  .saw,"  being  rather  a 
rotatino-  chisel,  and  much  like 
the  Daniels  planer  ased  in  car 
shops.  *  *  *  *- 
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In  times .  past  the  grinding  jirocess  was  so  difficult  and  expensive 
that  the  flat  "  circular  "  was  finished  on  the  log  side  only.  Nowadays 
many  makers  giye  the  same  accurate  finish  on  both  sides,  and  the  >aws 
can  consequently  be  used  either  right  or  left  '^  handed." 

A  variety  of  the  circular  saw  is  the  dished  circular,  Fig.  57,  used 
not  for  diyidino-  material  in  a  rio-lit  line,  but  for  cutting  out  beveled- 
edged  disks,  as  barrel  heads.  Its  action  thus  comes  in  Ijetween  that 
of  the  circular  and  that  of  the  cylinder  saw.  *  *  * 


Fig.  57.    Dished  Circular. 

Inserted-toothed  circular  sairs,  the  use  of  which  is  already  large  and 
ra])idly  extending,  have  the  following  advantages  over  solid : 

The  teeth  being  drop-forged,  from  bar  steel,  are  regular  in  size  and 
shape,  and  of  better  material  than  is  possible  to  use  for  the  whole  saw. 

The  teeth  are  capable  of  having  more  and  better-shajicd  throat — a 
special  advantage  for  coarse  feeds,  and  for  soft,  wet  and  fibrous  Avoods. 

They  cut  so  much  smoother  lumber  that  they  are  frequently  spoken 
of  as  "planer-bits." 

They  elfect  a  great  saving  in  time  and  files  and  blades,  over  gum- 
ming and  sharpening ;  they  also  ayoid  lessening  the  capacity  of  the 
saw  by  the  reduction. in  diameter  consequent  on  filing  the  solid  saw.* 

*  Cost  of  RuNNiNa  Planer-toothed  Saws,  as  compared  with  Solid-toothed 
Saws. — Messrs.  Emerson  Sniitli  &  Co.  give  the  following  calculations : 
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Tlio  widely  ojjeratiii}^-  ami  .suct;e.s.'<l"ul  u.sc  ol'  ciiiory  wlieoLs  i.'s,  iicnv- 
ever,  lessening  thi.s  advantage. 

The  time  of  the  mill  lt).'^t  while  the  .solid  tooth  saw  i.s  being  re-gul- 
leted  i.s  imj)ortant  in  new  countries  and  in  locations  far  from  the  saw 
factory — as  New  Zealand. 

With  a  few  thou.sand  little  "bits,"  costing  three  cents  each,  a  New 
Zealand  or  fiir  Canadian  sawyer  is  indc!j)endent  of  mishaps,  even  M'ith 
the  knottiest  wood. 

There  is  an  avoidance  of  the  necessity  of  readjusting  and  aligning 
the  saw  on  the  mandrel  in  the  ca.se  where  a  spare  .saw  enables  the  saw- 
yer to  save  the  otherwise  inevitable  stoj)])ag('  of  the  mill  in  the  case  of 
a  tooth  breaking. 

The  spacing,  set  and  shajie  of  the  inserted  teeth  is  better  than  the 


"  The  average  size  of  board  circular  saw.s  is  about  56  inches  in  diameter,  so  tliat 
we  will  base  our  caU'iilations  on  that  size. 

"Circular  .saw  mills  vary  in  capacity  from  odOO  to  40,000  feet  of  lumber  per  day, 
10,000  feet  being-  about  the  average. 

"Starting  with  a  new  5G-inch  saw,  at  10,000  feet  per  day,  we  will  base  our  calcula- 
tions on  sawing  1,000,000  feet  in  100  working  days,  or  about  four  months. 

Cost  of  56-incli  solid  saw,  i)resent  price  list $117  00 

One  hour  per  day  for  liler,  100  days,  HO  cents  per  hour .30  00 

"  In  order  to  reduce  the  size  of  a  oO-  to  a  54-inch  saw,  a  strip  of  tempered  .steel,  14 
feet  in  length,  1  inch  in  width,  and  the  thickness  of  the  saw,  must  be  filed  into  fine 
dust.  Besides,  time  is  spent  in  spreading  and  setting  the  teeth  and  in  rounding  the 
saw. 

1  dozen  14-inch  mill  fdes  i)er  month,  at  $9  jjer  doz $36  Oo 

Gumming  and  straightening  once  in  2  months,  say 15  00 

Average  cost  of  transporting  to  saw  maker,  say 6  00 

Keduction  in  size  of  saw,  say  2  inches,  leaving  the  saw  at  the  end  of  4  months 

54  inches  in  diameter,  present  price  list,  §96,  reduction  in  value 21  00 

"  The  above  calculation  estimates  the  reduction  in  the  size  of  the  saw  at  only  one- 
fiftieth  of  an  inch  per  day.     If  the  saw  is  kept  gummed  down  with  a  file,  the  cost  of 
files  and  filing  will  be  much  greater  than  this  estimate.     If  a  gummer  of  any  kind  be 
iLsed,  add  cost  of  the  machine,  wear  of  tools,  wheels,  etc.,  and  the  owner  will  find  the 
cost  more  than  the  estimate  of  sending  it  to  a  saw  maker. 
Cost  of  mill  standing  idle,  say  half  hour  per  day,  in  filing  and  putting  saw 
in  order  so  that  the  owner  has  lost  the  sawing  of  500  feet  of  lumber  per 
day,  at  $2  per  1000  Costof  .sawing  for  100  days 8100  OO 

Total  cost ' .S325  00 

Cost  of  planer,  saw  and  lOOJ  bits 200  00 

Difference  in  favor  of  Planer  Saw S 1 2-5  0( i 
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iveraoe  sawyer  would  niaintain  even  with  the  "  guide  lines  "   niark(;d 
3Jti  the  disk  by  some  enterprising  makers.     (See  Fig.  60.) 


Fig.  5S.    '' Biff/it  Handed.- 


Fig.  59.    ''Left  Haiuled." 

^leu  capable  of  putting  solid  saws  in  order  are  very  scarce.  But  in 
many  mills  are  to  be  found  men  who  are  good,  valuable  sawyers,  and 
understand  turning  out  lumber  to  the  best  advantage,  but  who  are 
poor  tilers.     The  inserted  tooth  makes  their  skill  available. 
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1  In-  jtlate  (if  a  ,<a\\'  is  iiolliiiio-  hut  a»liaiiillc  can-Niiiii'  tlif  tcotli,  and 
s  strained  \>y  the  use  of  didl  teetli.  'i'lie  in.-crteil  teetli  can  he  kept 
-liar|)  and  limce  strain  tlie  plate  less. 


Fiff.  60.    Showing  Guide  Lines. 

The  cutting  points  or  saw  bits  being  shaped  and  sharpL-ned  wJiile 
out  t)f  the  saw,  can,  if  it  be  the  sawyer's  fanev,  be  niade  sliglitly  ef)n- 
caved  on  the  under  side,  tlnis  presenting  full  prominent  corners  a  little 
in  advance  of  tlie  cutting  centre;  and  in  consequence  of  the  corners 
of  all  teeth  wearing  faster  than  the  centres  the  separate  teetli  will  do 
more  work  with  one  dressing,  than  solid  teeth,  which  are  filed  or 
dressed  scpiare.  Fig..  61  shows  their  first  state  and  mode  of  wear. 
They  represent  a  top  view  of  the  points  of  teeth  in  various  shapes, 
rf  the  point  of  a  tooth  gets  into  the  shajie  of  A  or  any  other  irregular 
-hape,  it  should  first  be  s(juared  and  filed  u[)  into  a  regular  shape,  so 
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tliat  there  will  be  au  equal  amount  of  metal  on  each  corner.  If  a  tooth 
loses  a  corner  like  that  of  B,  tlie  opposite  corner  should  be  filed  off  so- 
as  to  have  the  appearance  of  C ;  swage  it  into  shape  like  D,  then 
bring  it  into  a  proper  shape  like  E.  A  is  also  a  bad  tooth,  having  too- 
much  metal  in  one  corner,  and  must  be  filed  into  the  shape  of  C  before 
it  will  spread  properly. 


r 


A  r.  (■  1'  i: 

Fig.  61.     Various  CotuUtions  of  Teeth, 

One  file  will  go  as  far  in  keeping  a  good  inserted  tooth  saw  in  order 
as  ten  with  a  solid  saw. 

An  inserted-toothed  saw  can  have  hard  or  soft  teeth  at  will,  for 
varying  kinds  of  lumber. 

The  Emerson  bits  are  tempered  to  scratch  glass,  and  wei^h  one- 
sixth  ounce  each. 

The  various  items  of  power-saving  by  reason  of  keenness  of  cut 
and  narrowness  of  kerf,  are  the  same  as  are  fully  laid  down  on  another 
page. 

Inserted  saw  teeth  came  into  use  about  l8iU,  the  teeth  being  placed 
in  rectangular  sockets  and  held  in  place  by  a  V  tongue  and  groove. 
The  rectangular  sockets  have  been  largely  discarded  for  curved,  as 
giving  less  liability  to  crack. 

The  following  figures  from  the  Albion  Mill  on  our  West  Coast,, 
show  the  performance  of  the  Hoe  chisel  bit  saw  : 

Feet  Board  Mca.sura. 
.     859,407 


Xo.  days. 
November,  26, 


Deceeaber,  23, 

January,  26, 

February,  25, 

March,  25, 

April,  26, 

May,  10, 


J  98,2  74 
866,992. 
852,818 
962,537 
934,337 
387,019 


162, 


5,661,385* 
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^'uniher  of"  l)its  ii.-cd  in  the  work,  K)()()  in  all. 

TJicvbit.s  arc  niii  in  tiie  .Albion  Mill  as  follow.s :  Starting  in  the 
morning,  with  new  teeth,  on  4-ineh  feed,  in  hard  pine  or  red-wood 
initil  noon.  Tlien  a  .set  of  new  teeth  run  until  night.  At  night  the 
watchman  jmt.s  in  the  next  .set.  Tlie  dulled  teeth  are  sharpened  twice 
for  the  bottom  .saw  and  are  then  worked  in  the  toj)  .saw.  *  * 


Fig.  62.    Emerson's  "  Planer  Bit.'' 

In.serted  toothed  saAvs  are  made  from  13  to  6  gauge,  and  from  12  t<> 
72  inches  in  diameter,  the  .smaller  sizes  being  used  for  edgers  and 
gangs. 


Distribution  of  Atmospheric  Pressure. — L.  T.  de  Bort  calls 
■attention  to  the  fact  that  in  two  columns  of  air,  which  have  the  same 
})ressure  at  the  surface  of  the  ground,  if  the  temperatures  are  different 
the  decrease  of  pressure  at  higher  levels  is  slower  in  the  warmer 
•column.  Hence  results  a  tendency  of  the  air  to  pass  from  the  warmer 
to  the  colder  column,  accompanied  by  a  falling  barometer  in  the  former 
and  a  rising  barometer  in  the  latter;  The  eflPects  of  difference  of  tem- 
perature being  generally  opposite  to  those  of  barometer  pressure,  the 
transfer  of  air  may  be  effected  in  the  upj)er  atmosphere,  even  M'hen 
the  ])re.ssure  is  lower  at  the  bottom  of  the  column.  The  ocean  currents, 
in  wiiiter,  augment,  the  energy  of  the  atmospheric  disturbances  by 
increasing  the  opposition  which  already  exists  between  the  continental 
.and  oceanic  temperatures. —  Compfes  Mendus.  C. 
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EXGRAA'IXG. 


A  Lecture  delivered  before  the  Franklin  Institute,  March  8th,  1880. 
By  JoHX  Sartatx. 


The  art  of  engraving  on  metal  is  un([uestionabIy  of  ver\-  ancient 
origin,  and  must  have  followed  closely  on  the  discovery  of  the  art  of 
working  metals  themselves  into  articles  of  use. 

The  desire  observable  in  all  men,  including  the  most  Ixirbarous 
races,  to  adorn  their  implements  and  costumes  witli  ornamentation  of 
one  kind  or  other,  Avhcther  color  stains,  carving,  or  incised  lines^ 
proves  that  a  love  of  art  is  universally  innate  in  human  nature. 
Almost  as  soon  as  man  had  learned  to  mtdvc  out  of  iron,  or  other  metal^ 
a  sword,  he  would  seek  to  embellish  its  handle,  at  least,  with  ornament 
in  the  nature  of  chasing  or  engraving.  Tluis  must  the  art  of  engrav- 
ing have  become  a  familiar  every-day  affair  even  in  pre-historic  tinies^ 
In  the  book  of  Genesis  two  men  are  named  (Bezaleel  and  Aholiab) 
as  being  '' filled  with  wisdom  to  work  all  manner  of  work  with  the 
graver,"  and  in  the  other  writing  attributed  to  Moses  we  read  tiiese 
words,  "  Take  now  plates  of  gold,  and  engrave  tiiercon,  as  in  the 
engraving  of  a  signet,  '  Holiness  to  the  Ix)rd.'  "  I'his  form  of  expres- 
sion indicates  a  practice  quite  well  known  at  that  time. 

But  the  art  of  engraving  on  metal  plates  for  the  express  pur})0se  of 
printing  from  them  with  ink  on  pajier  is  quite  a  different  matter,, 
and  is  of  a  comparatively  recent  date.  In  the  year  1452,  a  goldsmith 
of  Florence,  Italy,  named  Tomasso  Finiguerra,  made  an  impression 
on  paper  from  a  silver  pax  he  had  engraved  for  the  Church  of  San 
Giovanni,  of  that  city,  the  subject  being  "  The  Crowning  of  the  Vir- 
gin." This  pax  still  remains  among  the  valued  treasures  of  that 
Church  of  St.  John,  and  the  precious  print  from  it  is  carefully  pre- 
served in  the  French  National  Library  at  Paris,  where  it  was  discov- 
ered by  Zani  in  November,  1797.  The  pax  itself  was  ordered  from 
Finiguerra  by  the  Consuls  of  the  "Company  di  Calimala"  in  1451, 
and  the  proof  (a  fac  simile  of  ^vhich  you  see  before  you  on  the  screen) 
was  printed  from  the  finished  work  before  the  artist  introduced  the 
niello  into  the  engraved  lines,  as  was  the  practice  of  the  goldsmiths  of 
Italy  of  that  period.     All   this   is  authentic,  and   establishes  beyond 
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roiitrovorsv  (hat  to  this  Florentine  artist  l)L'lon<:;s  tlie  Iionor  of  havint; 
■orij^inated  the  art  of  |)hite  j)rintin<2:. 

In  addition  to  tlic  fat*  simile  of  the  aiuloiibfctl  print  l)y  l''ini<i,iierra, 
I  ask  your  attention  to  fac  similes  of  two  other  prints  that  have  been 
iittribnted  t(j  him :  one,  a  Madonna,  with  the  infant  Saviour  on  Jier 
lap,  and  surrounded  by  numerous  figures;  the  other  is  tlie  circular 
-print  of  the  Gray  collection  (now  iu  the  Art  Museum  of  Boston),  and 
which  has  the  arms  of  the  Medici  family  sketchetl  witli  the  pen  in  the 
middle  space.  In  the  absence  of  all  other  evidence  than  that  of  style, 
1  should  say  that  it  is  the  work  of  Baccio  Baldini,  after  a  drawing  by 
Sandro  Botticelli.  If  this  print  belongs  to  the  early  period  ascribed 
to  it,  the  Medici  shield  must  have  been  inserted  long  afterwards, 
because  the  arms  of  that  family  used  to  have  but  five  pellets,  while 
the  drawing  on  the  print  has  six,  as  you  see.  The  change  from  five 
to  six  occurred  as  late  as  1533,  when  Catharine  di  ^ledici  was  married 
to  the  Dauphin  of  France.,  one  of  the  stipulations  of  that  arrange- 
ment being  that  a  sixth  pill,  decorated  with  the  French  fleur-de-lis, 
should  be  added.  The  Medici,  you  know,  were  noted  money  lenders, 
and  our  modern  pawnbrokers  hang  out  their  sign,  but  with  the  num- 
ber abbreviated  to  three  and  those  gilded.  This  ftic  simile  of  the  Boston 
print  was  engraved  about  seventy  years  ago,  by  my  father-in-law, 
Mr.  John  Swaine. 

It  was  the  custom  of  these  artistic  goldsmiths  to  fill  in  the  lines  of 
their  engraving  on  silver  with  a  semi-metallic  substance  called  niello, 
which  is  a  compound  of  copper,  lead,  oxidized  silver,  sulphur  and 
borax.  These  were  melted  and  thoroughly  mixed  together,  and  after 
cooling  were  crushed  in  a  mortar  into  a  fine  powder.  The  plate  was 
cleaned  in  a  way  that  Benvenuto  Cellini  describes,  and  the  powder 
spread  over  it.  Heat  was  then  applied  from  below,  when  the  niello 
would  melt  and  flow  down  into  the  lines  at  a  temperature  much  lower 
than  that  which  would  affect  silver.  When  cold  it  was  ground  down 
to  the  level  of  the  silver  surface,  and  the  work  was  complete. 

Before  putting  in  the  niello,  Finiguerra  was  in  the  habit  of  filling 
"the  lines  of  his  engraved  plate  with  black  and  grease,  and  making  an 
impression  by  pouring  on  to  it  melted  sulphur.  It  afterwards  occurred 
to  him  that  this  might  be  done  on  paper,  by  the  aid  of  a  roller,  if 
sufficient  pressure  could  be  brought  to  bear  upon  it ;  he  tried  it  and 
•succeeded,  but  was  for  many  years  far  from  ap])reciating  the  value  and 
importance  of  his  discovery.     It  was   not   until  about  the  year  1460 
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that  plates  began  to  be  engraved  for  the  express  purpose  of  being- 
printed  from. 

Engraving  on  Avood  Avas  practiced  in  China  many  centuries  before 
it  was  known  or  used  in  Euroj)e,  and  whether  Italy  or  Germany  has 
the  best  claim  to  the  honor  of  the  invention,  or  of  the  earliest  produc- 
tions in  this  line  of  art  remains  an  unsettled  question,  the  preponder- 
ance of  evidence  being  rather  in  favor  of  Germany,  It  is  true  there 
is  record  of  a  series  of  nine  wood-cuts  that  have  disappeared  and  have 
been  sought  for,  thus  for,  without  success.  They  are  described  bv  one 
who  saw  them  in  the  year  1720  as  representing  eight  scenes  in  the  life 
of  Alexander  of  ^Nlacedon  and  a  frontispiece,  in  which  last  is  a  dedica- 
tion to  Pope  Honorius  IV.  They  were  designed  and  engraved  l)v 
the  two  Cunio,  twin  brother  and  sister,  when  but  sixteen  years  old, 
iuid  who  lived  at  Ravenna  in  1284-5  while  executing  these  works. 
These  prints  may  not  have  passed  altogetlier  out  of  existence,  and  mav 
3'et  be  found  some  day — possibly  in  the  great  Vatican  library,  since, 
having  been  inscribed  to  the;  artist's  relative,  the  Pope,  a  copv  was, 
without  doubt,  presented  to  him.  lie  who  has  the  good  fortune  to 
happen  on  these  cuts  will  have  as  nuich  reason  to  rejoice  as  did  the 
Al)bate  Zaiii  when  he  found  the  Finignerra  ])rint  in  the  librarv  at 
Paris.  Such  a  discovery  would  secure  the  claims  of  Italy  to  prioritv 
in  wood-block  printing,  as  well  as  that  already  conceded  of  pinfc 
printing. 

Thus  we  see  that  line  engraving  on  metal  was  practiced  long  before 
it  was  imagined  that  it  was  capable  of  being  used  to  jjrint  from,  but, 
on  the  other  hand,  we  see  that  engraving  on  wood  Avas  originally 
devised  for  the  express  purpose  of  being  printed  from.  The  origin  or 
first  use  of  the  latter  in  Europe  is  veiled  in  obscurity,  and  even  if  the 
Cunio  prints  should  be  met  Avith,  it  would  still  remain  uncertain  how 
much  had  been  done  prior  to  their  date.  Po^jc  Honorius  IV,  to  whom 
those  cuts  were  dedicated,  governed  the  church  l)ut  two  years,  from 
the  second  of  April,  128-5,  to  the  third  of  the  same  month,  1287,  an 
€poch  anterior  to  all  books  printed  in  Europe  that  have  hitherto  been 
found.  But,  before  books  were  printed,  engraved  blocks  of  wood 
were  used  for  printing  playing  cards  and  other  matters,  and  this  mav 
have  suggested  the  idea  of  engraving  entire  pages  of  words  on  sinole 
blocks,  which,  in  turn,  gave  place  to  the  further  improvement  of  mov- 
able types. 

That  wood  engraving  was  already  extensively  practiced  in  Venice 
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I)oforc  the  year,  or  at  least  as  early  as  the  year  1400,  is  evident  i'unn 
tlie  foll()\vii)<2;  deeree  of  the  Venetian  jiovcrnnient  in  1441,  at  whieh 
time  the  art  is  described  as  iiavin<r  fallen  into  almost  total  (h'cax',  owin*'^ 
to  the  too  abundant  importation  of  foreiu:n  })rodn<'tions  in  this  line. 

"  ^^C'OOCXr.^.  Oi-tober  the  11th.  Whereas,  the  art  and  mystery 
of  making-  cards  and  printed  figures,  whieh  is  used  at  Venice,  has  fal- 
len to  total  decay ;  and  this  in  consequence  of  the  great  quantity  of 
playing-  cards,  and  colored  figures  })rinted,  which  are  made  oitt  of 
\''enice;  to  wljicli  evil  it  is  necessary  to  apply  some  remedy;  in  order 
that  the  said  artists,  who  are  a  great  many  in  family,  may  find  encourage- 
ment, rather  than  foreigners.  Let  it  be.ordered  and  established,  according 
to  that  which  the  said  masters  have  supplicated,  that  from  this  time  in 
future,  no  work  of  the  said  art,  that  is  printed  or  painted  on  cloth,  or 
on  paper,  that  is  to  say  altjir  pieces  (or  images)  and  playing  caixls,  and 
whatever  other  work  of  the  said  art  is  done  with  a  brush  and  {muted, 
shall  be  allowed  to  be  brought  or  imported  into  this  city,  under  pain 
of  forfeiting  the  works  so. imported,  and  xxx  livres  and'xii  soldi;  of 
which  fine,  one-third  shall  go  to  the  state,  one-third  to  the  Signori 
Giustizieri  Veeclii,  to  whom  the  affair  is  coramited,  and  one-third  to 
the  accuser.  With  this  condition,  however,  that  the  artists,  who  make 
the  said  works  in  this  city,  may  not  expose  the  said  to  sale  in  any^ 
other  place  but  their  own  shops,  under  the  pain  aforesaid,  except  on 
the  day  of  Wednesday  at  San  Paolo,  and  on  Saturday  on  San  JMarco,. 
under  the  pain  aforesaid." 

Then  follows  the  subscription  of  the  Proveditori  del  Commune,  and 
that  of  the  Signori  Giustizieri  Vecchi. 

The  effect  produced  by  this  law  of  protection  was  all  that  had  beens 
expected.  The  art  revived,  and  afterwards  flourished  to  the  extent^ 
that,  in  addition  to  supplying  the  home  demand  for  prints  of  the  kind 
described,  they  commenced  pirating  the  works  of  their  neighbors^ 
underselling  the  foreigner  as  the  foreigner  had  before  undersold  them. 
Albert  Durer  suffered  so  much  in  this  way  that  he  made  the  then 
tedious  and  hazardous  journey  across  the  Alps  from  Nuremberg  to- 
Venice,  to  obtuin  redress  from  the  authorities  if  possible. 

I  will  now  endeavor  to  describe  the  several  processes  of  engraving 
in  the  order  of  their  invention.  They  are  seven  in  number.  Engrav- 
ing on  wood,  line  engraving  on  metal  (which  includes  etching)  mezzo- 
tinto,  aquatinta,  soft-ground  etching,  chalk  or  stipple,  and  lithograpliy. 
All  these  are  wrought  by  skill  of  hand  of  the  artist,  and  stand   a])art 
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from  those  productions  of  the  actinic  property  of  light  on  sensitized 
fibus,  made  by  the  aid  of  the  camera.  These  hebographic  works 
are  very  beautiful,  but  are  outside  the  province  of  this  discourse,  which 
is  devoted  to  hand  work  only. 

In  wood  eng-ravino;  an  artist  first  makes  a  drawing  on  a  block  ot" 
well-seasoned  box  wood,  cut  crosswise  of  the  grain,  and  of  about  seven- 
eighths  of  an  inch  in  thickness,  corresponding  to  the  dej^th  of  printer's 
type,  because  the  engraved  cut  is  frequently  inserted  among  the  set-up 
types  to  be  printed  along  with  it.  The  smoothed  side  of  the  block  is 
j^repared  for  drawing  on  by  rubbing  into  the  grain  the  white  facing 
composition  on  enamelled  cards,  moistened,  or  with  flake-white.  At 
one  time  it  Avas  the  custom  to  impart  a  tooth  to  the  surfoee,  for  the 
freer  delivery  of  the  lead  pencil  stroke,  by  using  bath  brick  linely 
powdered  and  moistened  with  water,  and,  when  dry,  smooth  with  the 
palm  of  the  hand.  The  engraver  then  cuts  away  the  Avood  between 
the  lines  of  the  drawing,  leaving  the  wood  standing  on  which  the  lines 
are  draAvn,  and  which  are  to  receive  the  ink  from  the  printer's  roller, 
for  tlie  process  of  printing  from  a  wood-cut  is  the  same  as  from  type, 
and  by  means  of  the  same  character  of  press.  It  is  a  surface  printing 
and  the  ink  used  has  to  be  of  a  consistency,  and  only  in  sucli  quantity, 
as  to  deliver  where  it  touches  and  not  floAV  down  into  the  engraved 
lines  and  dots,  but  rest  only  on  the  face  of  the  lines  and  points  left 
standing.  This  is  exactly  the  reverse  of  the  jjrocess  of  printing  from 
an  engraved  copperplate,  in  which  the  incised  or  sunk  lines  are  what 
must  be  filled  with  ink,  and  can  only  be  made  to  deliver  to  the  jiaper 
by  means  of  a  very  severe  j>ressure  of  the  roller  press. 

The  instruments  used  are  gravers,  tint  tools,  scoopers  or  gouges,  and 
chisels  or  flat  tools.  The  graver  is  used  in  the  manner  of  a  plough, 
and  being  driven  forward  ploughs  out  a  furrow,  delivering  the  mate- 
rial removed  freely  up  the  face  of  the  graver.  To  economize  time  flat 
tools  are  employed  in  the  wide  open  spaces.  I  abstain  from  the  affec- 
tation of  using  the  French  word  burin  because  the  plain  English  word 
irraver  is  better  and  more  expressive. 

Sometimes  it  may  happen,  through  accident  or  error,  that  it  becomes 
necessarv  to  work  over  again  some  part.  The  remedy  then  is  to  intro- 
duce a  fresh  piece  of  wood  into  tlie  defective  place.  A  circular  hole  is 
drilled  nearly  through  the  block,  of  a  size  sufficient  to  cover  that  which 
has  to  be  obliterated,  and  a  nicely  fitting  plug  inserted.  It  is  then 
levelled  exactly  and  the  part  re-engraved. 
Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixiii.)  IS 
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("liiai'o  osciirn  »lr;i\viiij;s   on    tinted    paiici',   liavin<r   tlic   lii^li    li}i;lits 
t()ii('lK'(l  in  with  white  ehalk,  are  easily  imitated  in  wood  engraving  by 
nsing  a  seeond   block  ^\■ith  the  high   light  ent  ont.     Snj)|)o,se  this  tint 
block  ju'inted  first  with  ink  ol'  a  grey  (Mjlor  and  the  pietnre-out  after- 
wards printed  over  it  with  black,  an  appearance  will  be  produced  of"  a 
drawing  done  on  grey  j)aper  with  tiie  high  lights  touched  in  with  white. 
riiere   is   in  Vienna   an    art  publisiiing  club  a  good  deal  interested 
just  now  in  attempts  to  I'cvive  this  piaetice  of  chiaro  scuro  engraving 
on  wood,  by  which  in  old  times  very  effective  work  was  done  by  the 
use  of  two  or  three  blocks.     Mr.  Baxter,  of  Ijondon,  produced  beau- 
tiful [)rints  in  oil  colors  by  printing  the  successive  tints  from  different 
engraved  blocks.     These  effects  have  since  then  been  rendered  by  the 
art  of  chronio-litliography. 

Quite  a  revolution  in  the  art  of  wood  engraving  has  occurred  in 
this  country  in  the  last  few  years,  and  is  the  result  of  the  use  of  })ho- 
tography  for  placing  on  the  block  the  drawing  to  })e  engraved. 

By  the  introduction  of  this  method  copies  of  large  drawings  and 
boldly  executed  sketches  are  transferred  to  the  surface  of  the  block 
previously  sensitized  for  the  purpose — with  a  minutenss  of  detail  alto- 
gether beyond  the  power  of  an  artist's  hand  to  draw.  This  naturally 
necessitated  a  corresponding  minuteness  of  execution  with  the  graver, 
at  the  same  time,  however,  leaving  little  room  for  the  display  of  the 
engraver's  skill  in  freedom  of  flowing  linos.  In  the  old  style  the 
direction  given  to  the  line  aided  in  exj)ressing  foreshortenings  and  the 
})erspcctive  of  rounded  forms,  and  our  admiration  was  frequently 
excited  by  examp  les  of  masterly  graver  cutting.  In  the  new  school 
we  have  what  may  be  by  many  considered  better,  the  manner  of  the 
original  artist  copied  is  more  prominent,  the  manner  of  the  engraver 
less  so.  About  the  best  work  done  anywhere  at  this  time  is  that  pro- 
duced in  New  York,  and  this  is  not  disputed  even  in  Europe.  The 
famous  engraver,  Thomas  Bewick,  of  Newcastle,  England,  to  whose 
labors  is  due  the  revival  of  the  art  toward  the  end  of  the  last  century, 
would  not  have  believed  it  possible  to  engrave  and  print  such  cuts  as 
are  now  published  monthly  in  the  city  of  New  York.* 

Line  engraving  on  metal  plates  for  the  purpose  of  printing  dates 
back  to  1460,  as  we  have  already  seen,  eight  years  after  the  print  was 

*  Numerous  original  examples  were  exhibited  and  referred  to  in  illustration  of  the 
liistory  and  progress  of  the  art,  from  Albert  Durer,  Burgmaier  and  others,  down  to  tiie 
manner  of  later  times. 
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taken  bv  Finiguerra  from  his  Pax  of  the  Crowning  of  the  Virgin, 
although  tliat  print  is  believed  to  be  far  from  the  first  of  his  printing, 
which  some  writers  place  as  far  back  as  1440,  only  that  Pax  has  a 
certain  known  date,  1452.  Among  the  engravers  who  preceded  Marc 
Antonio  Raimondi  the  most  prominent  were  Sandro  Botticelli,  Baccio 
J3aldini  and  Andrea  Mantegna,  but  these  were  not  equal  to  Marc 
Antonio,  whose  works  eclipsed  all  that  had  been  done  before  in  that 
line.  He  engraved  a  great  many  plates  from  the  pictures  and  designs 
of  Ratfaelle,  and  that  great  artist  took  great  interest  in  the  work  and 
corrected  the  outlines  on  some  of  the  plates  with  his  own  hand.  A 
.fine  example  of  this  engraver's  best  work  may  be  seen  in  the  print  of 
Poesy  after  Raffaelle,  seen  on  the  screen.  This  is  not  the  original,  but 
a  very  accurate  fac-simile  copy. 

The  mode  of  ])rocedure  at  this  stage  of  the  art  was  extremely  sim- 
ple, and  called  into  requisition  only  four  tools,  a  graver,  scraper,  bur- 
nisher and  steel  point.*  The  clean,  ])olished  surface  of  the  (;opper 
plate  is  covered  with  a  thin  film  of  white  or  bees'  wax,  spread  while 
the  plate  is  just  warm  enough  to  melt  it.  When  the  plate  has  cooled, 
the  outline  drawing  or  tracing  is  transferred  to  this  slightly  adhesive 
surface  by  pressure.  This  process  reverses  the  subject,  which  is  an 
advantage,  for  all  engraving  intended  for  printing  must  be  the  reverse 
of  the  way  it  is  intended  to  be  in  the  print.  The  forms  are  then 
faintly  scratched  through  the  wftx  with  the  steel  point.  Then  the 
plate  is  warmed  and  the  wax  wiped  oft'.  All  the  outlines  and  shades 
are  then  cut  into  the  plate  with  the  graver,  and  the  rough  barb  or 
burr  that  hangs  to  the  edge  of  the  plowed  line  is  removed  by  means 
of  the  scraper.  When  a  proof  impression  has  been  taken  by  the 
printer,  it  may,  perhaps,  be  seen  that  some  lines  have  been  cut  deeper 
than  is  desirable,  and  others  not  deep  enough.  This  is  corrected  by 
re-entering  the  faint  lines  and  cutting  them  broader,  and  those  that 
.are  too  black  are  crushed  a  little  with  the  burnisher.  The  })late  is 
rubbed  with  oil  and  a  roll  of  flannel,  and  is  finished. 

By  this  extremely  simple  process  were  engraved  those  superb  exam- 
ples of  this  kind  of  work  done  by  the  graver  alone,  without  etching, 
which  I  direct  your  attention  to  on  the  screen.  First,  there  is  the 
print  by  Paul  Pontius,  the  Fleming,  after  Vandyke,  of  the  "  Dead 
'Christ  and  the  Marys."      In  this  style  I  cannot  imagine  anything 

*  Tliese  tools  were  exhibited  and  their  use  explained. 
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riiicr.  Correct  in  drawing  and  definition  of  form,  f'aithf'nl  to  the  style 
and  ciiaracteristics  of  the  master,  and  with  a  confident  freedom  of 
graver  line  that  is  marvelons,  and  yet  not  obtrusive.  And  this  ma.ster- 
[)ieee  is  Avrought  without  the  aid  of  the  local  tints  and  the  charm  of 
chiaro  o.scuro,  but  simply  by  the  light  and  shade  of  the  objects  in  the 
picture,  for  it  was  not  then  known  that  the  engraver's  art  was  cai)able 
uf  giving  all  the  qualities  that  a  picture  pos.sessed  except  its  color. 

The  next  is  a  dashing  piece  of  graver  work  by  Bolswert,  the  Hol- 
hmder,  conveying  an  idea  of  Ruben.s'  style  remarkably  well,  although 
bv  such  coarse  means :  and  lastly,  in  this  class  of  work  with  the 
graver,  the  group  of  Angels  supporting  the  Tuscan  Diadem  over  the 
arms  of  the  Medici,  after  a  fresco  by  Pietro  di  Cortona,  in  the  ceiling 
of  an  apartment  in  the  Pitti  Palace,  in  Florence.  I  believe  this  to  be 
l)v  the  French  engraver  Claude  Mellan.  It  is  almost  all  done  with 
one  line,  without  crossings,  and  is  a  brilliant  example  of  that  peculiar 
style. 

I  will  now  endeavor  to  explain  the  process  called  etching,  the  inven- 
tion of  which  has  been  vaguely  and  erroneously  attributed  to  Parmig- 
i^iano,  who,  besides  being  an  admirable  painter,  was  an  alchemist,  and 
wasted  his  substance  and  his  health  in  trying  to  discover  the  philoso- 
pher's stone,  in  which  unfortunate  pursuit  he  is  supposed  to  have  for- 
tunately happened  on  this  method  of  engraving.  But  it  is  quite  cer- 
tain that  the  etchings  by  this  artist  were  done  long  after  Albert  Durer 
had  practiced  the  same  art  in  Nuremberg,  and,  so  far  as  we  know  at 
present,  Germany  must  be  credited  with  this  admirable  invention.  In 
describing  the  process  I  will  direct  your  attention  to  examples  of  the 
different  kinds  of  work  belonging  to  this  group. 

The  foundation  of  the  art  is  this,  that  acids  corrode  and  eat  into  the 
metals,  while  resins  and  bitumens  resist  the  action  of  acids.  Therefore,, 
if  you  cover  the  face  of  a  copper  or  steel  plate  with  a  varnish  of  thi& 
nature  you  effectually  protect  the  plate  from  the  acid.  If  after  having 
done  this  you  scratch  lines  or  dots  through  this  protecting  coating  with 
a  .steel  point,  the  acid  gets  access  to  the  metal  in  those  parts  and  cor- 
rodes it  so  deeply  that,  after  the  varnish  has  been  removed  by  the  aid 
of  spirits  of  turpentine,  these  lines  can  be  filled  with  printer's  ink  and 
will  hold  it  the  same  as  if  they  had  been  cut  in  with  the  graver,  and 
a  little  better  too.  And  this  is  etching.  The  varnish  coating  is  called 
etching  ground,  and  is  compounded  of  asphaltum  of  Judea,  Burgundy 
pitch  and  white  wax,  and  is  .spread  on  the  plate  by  means  of  heat.- 
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The  Burgundy  pitch  has  the  property  of  causing  the  compound  to 
^adhere  tighter  to  the  plate,  and  without  the  tempering  wax  the  ])oint 
■Nvould  not  cut  so  smooth  a  line  through  it.  Your  ball  of  etching- 
ground  is  tied  up  in  a  piece  of  strong  silk,  the  plate  on  which  the 
ground  is  laid,  having  been  made  perfectly  clean  and  free  from  grease, 
3s  held  by  a  hand-vice  and  heated  over  a  gas  flame,  or  some  other  way, 
until  it  is  hot  enough  to  melt  the  etching  ground,  so  that  it  comes 
through  the  silk  on  to  the  plate  ;  then,  with  a  soft  dabber  covered  with 
fine  silk  or  with  kid  leather,  it  is  distributed  evenly  over  the  surface 
■of  the  plate  by  dabbing,  or  on  that  part  where  your  work  is  to  cover. 
While  it  is  still  hot  it  must  be  held  face  downwards  and  smoked  black 
by  means  of  a  flame  from  a  torch  made  by  several  strands  of  Avax 
taper.  Without  this  blackening  of  the  etching  ground  its  semi-trans- 
parency would  prevent  you  from  seeing  your  work  as  you  progress. 
The  plate  being  cold  you  transfer  your  outline  drawing  or  tracing  by 
pressure,  and  proceed  to  make  your  etching  with  a  steel  point,  just  the 
same  as  you  would  make  a  ])en  and  ink  drawing  on  jia})er,  but  your 
hand  must  be  kept  from  resting  on  tlie  ])latc  by  a  bridge,  which  may 
be  made  by  a  thin  board  resting  on  a  book  on  each  side  of  your  plate ; 
but  engravers  have  a  strip  of  wood  fastened  at  each  end  of  the  etching 
bridge.  Your  etching  done,  it  is  bit  in  with  aquafortis,  a  mixture  of 
one  part  acid  and  about  three  parts  water,  nitrous  acid  being  used  foi- 
copper  and  nitric  acid  for  steel.  Hard  steel  bites  better  than  soft. 
The  work  must  now  have  a  bank  of  walling  wax  built  around  it  with 
a  spout  formed  in  one  corner,  and  while  moulding  it  into  shape  with 
the  thumb  and  flnger,  take  care  to  press  it  perfectly  close  down  to  the 
plate  lest  the  acid  should  get  under  it.  The  bubbles  that  form  on  the 
lines  during  the  biting  must  be  swept  away  with  a  soft  feather.  In 
two  or  tliree  minutes  the  aquafortis  should  be  poured  off  into  a  wide- 
mouthed  bottle  and  water  instantly  poured  on,  the  work  feathered  as 
■before  to  clear  it  from  acid,  the  water  poured  off,  and  the  plate  dried 
with  blotting  paper  or  a  soft  rag  tenderly  pressed  on  it.  The  strength 
•of  the  line  can  now  be  ascertained  by  scraping  off  a  little  etching 
ground  on  some  light  part.  If  found  to  be  deejj  enough,  paint  over 
.all  the  first  grade  of  light  tints  with  any  kind  of  varnish  that  will 
Iiarden  quickly.  English  engravers  use  Brunswick  black  (I  use  red 
:sealing  wax  dissolved  in  alcohol).  This  is  called  by  engravers  stop- 
ping out.  Put  on  the  same  acid  again,  and  bite  the  next  darker  grade 
♦of  tints ;  operate  as  before  and  then  bite  in  the  third  gradation,  etc. 
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riio  f^radation  of  tints  need  not  be  left  aUof/cther  to  the  successive- 
hitini^s,  as  hv  etching  the  dark  parts  of  your  phite  with  a  stronger  and 
l)i'<)adcr  point,  and  a  firmer  exercise  of  tlie  hand,  the  biting  of  those- 
l)arts  is  hastened. 

The  etching  ground  i;^  in»\v  removed  with  spirits  of  turpentine  and 
the  work  rubbed  with  oil  and  a  woolen  cloth,  calle<l  the  oil  ruljber.. 
and  then  a  proof  taken  by  the  i>rinter.  W'iiere  the  lines  are  bit  too- 
dark  In'uise  them  down  M'ith  a  l)urnisher ;  where  tliey  are  not  dark 
enough  you  can  either  re-bite  them  or  re-enter  them  with  the  graver^ 
If  you  re-bite,  dissolve  some  etching  ground  by  heat  applied  under  the- 
plate — on  the  margin,  if  you  have  a  broad  one  outside  of  your  subject.. 
If  there  is  not  an  empty  space  on  your  etched  plate  large  enough,  youi 
take  a  separate  plate  and,  having  heated  it  sufficiently  to  dissolve  etch- 
ing ground,  you  feed  your  dabber  from  this  store,  evenly  spread,  and 
deliver  it  over  that  part  of  your  etching  that  is  to  be  re-bit,  which  must, 
be  heated  just  enough  to  take  the  etching  ground  froju  the  dabber  onj 
to  itself.  This  is  a  most  delicate  operation  and  requires  a  steady 
hand,  for  the  etching  ground  must  be  delivered  only  on  to  the  sur- 
face of  the  plate  between  the  lines  and  dots  and  none  sufPeretl  to  get 
into  the  work  already  bit.  As  this  is  not  smoked  you  are  able  to  see- 
the strength  of  line  you  are  obtaining  while  the  biting  is  going  on,, 
and  can  stop  it  just  when  it  is  deep  enough,,  according  to  your  judg- 
ment. 

Whatever  addition  you  desire  to  your  work  of  lines,  more  tender 
and  delicate  than  the  faintest  of  your  etched  line.s,  is  produced  with, 
what  is  termed  the  dry  ])oint,  that  is,  abstaining  from  the  further  use- 
of  acid,  you  scratch  in  with  a  point  all  the  fainter  tints  of  your  picture 
and  remove  the  burr  only  to  just  that  extent  that  a  printer's  proof" 
from  your  plate  shows  to  be  necessary.  I  will  now  point  out  the  dif- 
ferent styles  of  etching  from  the  fine  examples  here  displayed  before- 
you. 

Some  of  these  painters'  etchings  are  what  have  been  termed  dry 
etchings,  that  is,  they  are,  as  you  see,  printed  clean,  without  burr,  and 
resemble  a  })en-and-ink  drawing  on  j^aper.  Such  are  those  by  Berg- 
ham,  Salvator  Kosa,  Callot,  Mortimer,  Vandyke,  Angelica  IvauiF- 
mann,  Ruysdal  and  others,  and,  contrasted  with  them,  a  class  of  etch- 
ings that  depend  much  on  skilful  printing,  having  their  darks  massed 
and  emphasized  by  blurring  over  the  ink  from  the  deeper  lines  so  that 
no  clear  white  paper  shall  appear   between  tlieiru      Qf  course  thfi: 
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irnpressioDS  from  plates  printed  in  this  way  are  variable  and  uncertain, 
and  some  etchers  escape  being  at  the  mercy  of  the  printer  by  roughen- 
iug  the  surface  of  the  plate  over  the  darks  to  make  it  liold  tlie  ink, 
and  by  spreading  it  obtain  middle  tint  at  the  same  time.  Sometimes 
this  tint  is  produced  by  corroding  the  plate,  and  sometimes  by  mechan- 
ical abrasion.  It  has  been  said  of  aquatiuta  engraving,  that  it  ^vas 
invented  by  the  evil  one  expressly  to  torture  those  who  jn-actice  it, 
and  the  same  may  be  said  of  blnrred  etchings  as  an  exquisite  torture 
for  plate  printers. 

During  the  j)ast  few  years  there  has  been  gradually  growing  a 
passion  for  etching,  and  quite  lately  it  has  intensitied  into  a  i)erfect 
furor.  Eminent  artists,  who  know  what  they  are  aiming  at  in  certain 
effects,  are  producing  works  in  this  way  that  the  world  will  not  let 
die;  but,  unfortunately,  there  are  many  who  have  not  yet  acquired  a 
knowledge  of  the  simplest  principles  of  art,  have  also  caught  the  infec- 
tion and  joined  in  the  hot  pursuit,  and 

As  their  imagination  bodies  forth 

Tilings  witiiout  form,  they  give  their  airy  notliings 

A  local  habitation  and  a  name. 

I  fear  that  I  liave  dwelt  so  long  on  this  branch  of  my  subject  as  to 

exhaust  the  patience  of  of  my  audience;  but  I  have  desired  to  explain 

as  fully  as   I   could   the  modus  operandi  of  etching  and  satisfv  many 

inquij'ers  at  one  time.     The  prevailing  epidemic  reminds  one  of  some 

lines  by  Alexander  Pope,  which,  by  slight  modification,  are  applicable 

to  the  present  state  of  things. 

'*  Shut,  shut  the  door,  good  John,"  fatigued,  1  said, 
"  Say  that  I'm  absent — say  I'm  ill — I'm  dead  I 

The  dog-star  rages,  and  'tis  passed  a  doubt 

A  Bedlam  full  of  etcliers  is  let  out ; 

Fire  in  each  eye,  and  etchings  in  eacli  hand, 

They  rave  o'er  proofs,  and  madden  round  the  land."' 

Having  now  gone  through  with  work  done  with  the  graver  alone,, 
and  also  with  that  done  with  acid  and  the  point  alone — each  pure  and 
simple — it  is  necessary  to  say  something  of  the  achievements — the  tri- 
umphs of  the  engraver's  art,  produced  by  a  combination  of  these  two 
methods  dm'ing  the  past  two  centuries,  and  I  am  happy  to  have  it  in 
my  power  to  illustrate  this  branch  of  my  subject  by  rare  impressions 
of  engravers'  progress  proofs  of  many  important  plates.  I  shoM-  vou 
only  a  few  now,  as  they  will  suffice  for  the  j)urpose,  and  there  is  not 
room  for  more. 
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Al()ii)^-.sidc;  of"  these  proofs  of  the  etched  .state  of  the  phite  you  .see 
inipre.s.sions  of  the  same  plate.s  in  tlie  fiiii.shed  state,  and  they  pre.seiit 
tlimiigh  the  eye  a  clearer  statement  of  the  method  of  pnjcedure  than 
r  can  convey  in  words.  Take,  now,  this  admirable  plate  by  Robinson 
of  "  the  A\'olf  and  the  Lamb,"  after  ]\Iulready,  which,  of  its  kind, 
may  be  regarded  as  a  perfect  work.  The  broad  mas.ses  of  dark,  you 
perceive,  are  all  laid  in  with  the  etchinj^  point  and  bit  in,  as  are  also 
such  portions  of  the  light  as  demanded  the  peculiar  character  of  line 
which  a  graver  cut  cannot  give.  Such  is  the  work  on  the  broad  mass 
of  light  on  the  fence  in  the  foreground  and  the  ground  itself  on  which 
the  iigures  .stand,  which  latter  is  full  of  a  character  which  could  not 
jx^ssibly  have  been  given  with  the  graver.  The  lights  of  the  draperj' 
and  all  the  flesh  tints  are  left  to  be  done  with  the  graver,  and  by 
examining  the  two  impressions  together  of  each  of  the  plates  shown, 
you  will  come  to  understand  the  method  of  procedure  in  a  general 
way.  The  etching  and  finished  print  of  "  Mercury  and  Argus,"  after 
Turner,  and  those  of  the  "  Temple  of  Jupiter  at  Egina,"  from  the 
same  painter,  .show  this  difference  in  treatment,  that,  being  landscapes, 
there  is  a  good  deal  of  dry  point  work  in  the  light  tints,  and  as  little 
graver  work  as  possible.  Where  you  see  an  etched  tint  fainter  in  the 
first  than  in  the  finished  .state,  it  has  been  darkened  by  rebiting;  where 
it  is  too  dark  it  has  been  reduced  by  crushing  down  with  the  burnisher, 
only,  in  the  case  of  etched  draperies,  the  darkening  is  done  by 
re-entering  with  the  graver  rather  than  by  rebiting.  You  will  observe 
that  where  a  dark  drapery  is  etched,  having  a  dark  background  also 
etched,  the  lines  invariably  stop  short  of  the  outline,  leaving  a  white 
space  like  a  chalk  line.  The.se  lines  are  left  to  be  carried  forward  to 
the  boundary  by  the  graver,  because  if  done  with  the  etching  point 
they  would  all  bite  into  a  blot,  since  the  curve  they  must  take  as  they 
ai)proach  the  edge  brings  them  crowding  nearer  together ;  therefore 
they  have  to  taper  thinner  and  thinner,  which  can  only  be  done  with 
the  graver. 

But  time  presses,  and  I  must  rapidly  close  this  branch  of  the  .sub- 
ject without  doing  justice  to  it.  One  fine  ]n'int  you  see,  the  "  J\Ia.ssacre 
of  the  Innocents,"  after  Le  Brun,  is  only  half  a  print  really,  and 
shows  what  has  sometimes  been  done  when  a  plate  is  inconveniently 
large.  You  see  that  the  left  side,  as  you  view  it,  has  a  waving  and 
not  a  straight  boundary  like  the  other  side  and  top  and  bottom, 
because   it   is  the   middle  of  the   subject,  and   has  to  be  joined  to  the 
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•other  half.     The  other  half  is  in  the  Phillips  collection,  belonging  to 
the  Philadelphia  Academy  of  the  Fine  Arts. 

I  think  you  may  see  before  you  now  the  perfection  of  work  in  line 
engraving  and  etching.  The  flesh  tints  in  the  plate  of  the  "  Princess 
Charlotte,"  after  Lawrence,  by  Henry  Golding,  have  certa^lly  never 
been  surpassed,  and  I  doubt  if  they  were  ever  equaled,  I  mean  particu- 
larly the  head,  neck  and  bosom,  and  left  arm  and  hand.  This  plate 
Avas  four  years  on  the  engraver's  table ;  he  worked  till  he  was  eighty, 
tind  yet  you  will  not  find  his  name  in  any  of  the  dictionaries  of  engra- 
vers, although  you  will  find  hundreds  that  are  of  little  or  no  account. 
I  cannot  imagine  it  possible  that  Leslie's  picture  of  "  May-day  in  the 
Reign  of  Queen  Elizabeth  "  could  be  better  engraved  than  you  here 
see  it  in  the  print  by  J.  H.  Watt ;  but  who  ever  hears  the  name  of 
Watt  on  the  lips  of  those  who  talk  about  engraving?  With  regard 
to  etching,  Unger,  of  Vienna,  is  the  prince  of  etchers,  partly  because 
of  his  unsurpassed  execution,  and  partly  because  he  gives  the  exact 
character  of  the  painter  he  translates  from.  Look  at  that  0.stade,  that 
Puysdael,  Vanderwelde ;  and  Rubens  is  .so  faithfully  given  in  tiiat 
triple  print,  that  the  very  color  is  revived  in  the  imagination.  Then 
there  is  that  triumph  of  the  art  in  his  copy  of  the  gorgeous  ]\Iakart 
^' Catarina  Cornaro  receiving  the  Homage  of  A^enice,"  the  original  nf 
wdiich  was  .so  lately  lost  to  this  country. 

If  Unger  etched  after  Rembrandt,  he  would  be  even  better  than 
Rembrandt  himself,  whose  extravagant  coarseness  in  some  parts  of  his 
plates  it  is  only  affectation  to  admire.  If  Rembrandt  had  po.ssessed 
the  use  of  mezzotinto  for  his  peculiar  effects,  as  John  ]\Iartin  had,  what 
wonderful  things  he  would  have  left  us ! 

In  the  beautiful  print  before  you,  by  Le  Bas,  after  Teneirs,  ^'  the 
Distribution  of  Bread  to  the  Poor,"  now  in  the  Louvre,  you  see  a 
remarkable  union  of  the  freedom  of  a  painter's  etching  with  the  elab- 
orate completion  with  the  graver.  It  is  a  perfect  copy  of  the  painting, 
and  it  appears  to  me  to  be  of  the  same  dimensions. 

Le  Bas  was  French.  The  extreme  opposite  of  his  free  style  is  that 
of  Wille,  who  also  flourished  in  Paris,  but  was  of  German  birth.  The 
print  on  the  screen,  copied  from  Schalken,  is  a  fair  specimen  of  Wille's 
-Style,  which  is  mechanical  and  without  feeling  or  artistic  spirit ;  but 
Jiis  a.stonishing  skill  in  the  most  exact  and  elaborate  management  of 
the  graver  in  cutting  pure  silvery  lines  earned  for  him  an  immense 
reputation.     His  influence  is  of  a  kind  that  has  caused  it  to  be  said, 


lio8  Snrtain  —  Euc/rarinf/.  [Jour.  Frank.  Inst.. 

"  It  would  !)('  better  for  the  ai't>  had  he  never  heeu  born."  Bervie  wixfr 
Ills  pupil,  hut  free  from  tlie  faults  of  liis  master,  and  he  with  Ech'linck^ 
Au(h*an,  Drevet,  Nanteuil  and  their  like,  rai.sed  this  branch  of  French 
art  to  a  hi<;h  de<.^ree  of  perfection,  and  it  is  well  maintained  in  this- 
later  time  by  such  men  as  Ilenriijuel-Dupont,  Forster,  Jules  Francois 
and  others. 

Tiie  admirable  en<i;ravin<T  by  Robert  Straniie,  after  l>enjamin  West,, 
entitled  ".Vh  !  si  qua  Fata  as])ira  !  "  was  comi)leted  in  IT.SG,  and  for  it 
he  received  the  honor  of  knighthood.     I  will  narrate  a  story  in  con- 
nection with  this  print,  in   as  few  words  as  I  can  ;  it  displays  a  mean 
malignity  on  the  part  of  King  George  the  Third,  of  England,  towards 
this  engraver,  that  is  astonishing.     Those  who  visit  the  Museum  in 
the   Philadelphia  State  House  will  remember  a  whole-length  portrait 
of  that  king  in  liis  youth ;  it  was  painted  by  Allan  Ramsay,  son  of 
Allan  Ramsay,  the  Scottish  poet,  and  is  one  of  a  number  of  valuable 
pictures,  the  munificent  gift  to  the  Pennsylvania  Academy  of  the  Fine- 
Arts  by  Mrs.  Joseph  Harrison,  Jr.     Ramsay  was  painter  in  ordinary 
to  the  king,  and  therefore  was  often  called  on  to  rej)eat  his  ])ortrait  for 
presentatious,  so  this  may  be  a  duplicate,  or  it  may  be  the  identical 
painting  I  have  to  refer  to.     It  is  all  the  same.     The  king  sent  word 
to    Strange,  through    Sir  William    Chambers,  the  architect,  that  he 
desired  him  to  engrave  this  picture  of  himself  and  another,  also  by 
Ram.say,  of  Lord  Bute  (who  was  a  crony  of  his),  and  he  should  be 
paid  one  hundred  guineas  on  each   plate,  and  all  the  profits  from  the 
sale.    The  engraver  declined,  and  gave  as  a  reason  that  it  would  inter- 
fere with   a  project  he  had  of  going  to   Italy  to  copy  and  engrave 
certain  pictures  in  public  galleries  there.     This  angered  the  narrow- 
minded  monarch,  and  he  commenced  a  sy.stem  of  the  most  malignant 
persecution  against   the   engraver,  and   continued  it  for  near  a  quarter 
of  a  century.    All  connoisseurdom  knew  of  the  king's  displeasure,  and 
the  subscrii)tions   to   Strange's   prints   suddenly  ceased.     In   Italy  his- 
steps  were  dogged  by  a  man   named  Dalton,  who  was  the  king's  libra- 
rian, and  as  soon  as  it  was  ascertained  what   ])ietures  Strange  intended 
co])ying,  his  plans  were  frustrated  by  an  ap])lication  from  the  agent,  ia 
the  name  of  the  king,  to  parties  without  whose  permission  copies  could 
not    be    made.      I  will   read  you   one  of  the   certificates  afterwards- 
obtained  by  the  engraver. 

"  We  Vincentius  Malvetius,  Cardinal  Presbyter  of  the  S.  R.  C, 
Archbishop  of  Bologna,  and   Prince  of  the  S.  R.  Empire,  To  all  aud 
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every  one  who  shall  see  these  presents,  certify  and  attest ;  that  M.  Dal- 
ton,  bookseller  to  the  King  of  England,  asked  a  permission  from  us, 
in  the  year  1763,  to  allow  ]\I.  Bartolozzi  to  make  a  drawing  for  the 
said  King  of  England,  of  the  ])ictnre  representing  the  Circumcision  of" 
oar  Lord  Jesus  Christ,  painted  by  the  celebrated  ffohn  Francis  Bar- 
bieri.  Knight,  commonly  called  Guercino  da  Cento ;  and  we  have 
granted  M.  Dalton's  request,  the  permission  was  given  accordingl}'. 

"  In  testimony  whereof  we  give  these  our  letters,  sealed  with  our  usual 
seal,  and  signed  by  us  at  our  Archbishop's  Palace  at  Bologna,  this 
20th  day  of  December,  1773. 

"  (Signed)         ^"inc.  Card.  Malvetius  Archipiscopus. 
"  Paulus  Canonicus  Comes  a  Secretis." 

It  is  needless  to  point  out  the  mistake  of  the  Italian  in  calling  Dal- 
ton  bookseller,  instead  of  Librarian  to  the  King, 

This  print  by  Bartolozzi,  after  Gurcino,  is  in  the  splendid  collection 
of  Mr.  Clao;horn,  and  was  once  exhibited  in  the  annex  alongside  of 
the  Academy  building.  Having  defeated  Robert  Strange  abroad,  the 
next  thing  was  to  head  him  off  at  home,  and  for  this  purpose  induce- 
ments were  held  out  to  Bartolozzi  to  make  England  his  home,  wliick 
he  did.  Drawings  by  Strange  were  rejected  at  the  Artists'  Exhibitii>n> 
under  the  excuse  that  they  were  colored,  although  those  by  Bartolozzi, 
of  the  same  character,  were  admitted.  In  ihe  formation  of  the  laws- 
of  the  new  Royal  Academy,  under  the  patronage  of  the  King,  engravers 
were  excluded,  in  order  to  keep  out  Strange,  although  l^artolozzi  was 
admitted,  an  operation  Mhich  the  king  understood,  no  doubt,  although 
he  is  said  to  have  been  puzzled  to  know  how  an  apple  could  get  inside 
the  crust  of  a  dumpling. 

Finally,  West,  the  peacemaker,  suggested  the  engraving  you  set- 
before  you,  which  being  shown  at  AVindsor,  the  painter  obtained  leave 
to  bring  Robert  Strange  with  him  to  the  royal  residence.  A  complete 
reconciliation  resulted,  and  from  that  time  forth  the  plates  bore  the 
inscription,  "  Engraved  by  /S7/-  Robert  Strange." 

It  is  possible  that  the  King's  animosity  may  have  been  intensified 
by  the  fact  that  our  engraver  had  been  a  Jacobite,  and  out  with  the 
Scottish  army  for  the  Pretender  Stuart,  in  1745,  when  his  career  very 
nearly  came  to  a  close.  After  the  battle  of  Culloden,  Strange  was  being 
pursued  by  some  soldiers  under  the  lead  of  an  officer,  and  was  seen  to 
take  refuge  in  a  house  that  stood  alone.  The  men  were  posted  around 
to  render  escape  impossible,  while  the  officer  entered  suitably  attended > 
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The  lady  uf  tlie  house  was  seated  in  the  parhjr,  and  to  lier  the  gentle- 
man apoh^gized  for  his  intrusion,  but  said  it  was  his  duty  to  arrest  the 
man  who  had  tiiken  refuge  there.  She  told  liim  that  she  had  no  right 
to  object,  and  accordingly  the  search  was  made,  but  nowhere  could 
the  fugitivx'  be  found.  The  disappearance  was  most  extraordinary. 
The  officer  again  apologized  and  bowed  himself  out.  As  soon  as  it 
M'as  perfectly  safe,  Strange  emerged  from  his  place  of  concealment, 
which  was  under  the  lady's  ample  skirts.  She  afterwards  became  Mrs. 
Strange,  and  this  you  will  say  is  not  strange. 

The  third  style  of  engraving  in  the  order  of  my  list  is  mezzotinto, 
and  its  invention  dates  back  to  1640  at  least,  as  there  is  a  print  in  this 
jnanner,  bearing  date  1643,  done  by  Ludwig  von  Siegen.  He  and 
Prince  Kupert  were  acquainted,  and  to  the  latter  the  invention  has 
been  credited  by  some,  but  whether  rightly  or  not  will  probably  never 
be  known. 

The  leading  characteristic  of  the  process  is  pretty  well  described  in 
iui  anecdote  of  the  camp,  true  or  false.  It  is  said  that  Prince  Rupert, 
in  strolling  through  the  camp,  observed  a  soldier  grinding  out  the  rust 
from  some  piece  of  armor.  Part  was  done  and  part  not  begun.  This 
suggested  to  the  mind  of  the  general  the  idea  of  roughening  a  plate  all 
over  so  as  to  hold  printers'  ink,  and  then  to  remove  this  in  parts  form- 
ing the  lights  of  a  print. 

The  surface  of  the  jjlate  is  covered  with  myriads  of  dots  by  means 
of  a  mezzotinto  grounding  tool  or  rocker.  It  is  (as  you  see)  like  a 
broad  chisel  of  steel,  scored  on  one  side  with  fine  grooves,  equidistant 
and  of  equal  depth.  Thus  is  formed  on  the  edge  a  row  of  projecting 
teeth,  the  end  being  sharpened  at  a  bevel  and  curved,  so  that  it  can  be 
rucked  from  side  to  side,  held  slightly  inclined  with  the  teeth  on  the 
plate  and  advanced  forward  between  parallel  lines  while  rocking.  At 
'Very  new  covering  the  direction  has  to  be  changed,  so  as  to  avoid,  if 
[)0ssible,  going  over  in  the  same  direction  twice.  When  the  surface  is 
<'ompletely  covered  and  made  black  with  dots  the  ground  is  complete, 
and  if  a  printer  took  a  proof  from  it  it  would  yield  a  perfectly  black 
impression.  The  picture  is  then  made  by  scraping  away  these  dots 
down  to  the  very  bottom,  where  the  pure  high  lights  are  to  be,  scrap- 
ing them  partly  away  for  the  middle  tint,  and  leaving  them  as  left  by 
the  rocker  for  the  extreme  dark.  Formerly  mezzotinto  was  used  pure 
nnd  simple,  without  a  foundation  of  deep  etching  as  now,  and  it  derives 
its  name  of  "  mezzotinto,"  half  tint,  from  the  softness  of  its  effect.  But 
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at  this  day  an  etching  is  made,  sometimes  quite  elaborate,  before  the 
mezzotint  ground  is  laid,  and  it  is  intended  that  this  should  show 
through  the  mezzotint  after  the  scraping  is  done.  The  mixed  manner 
of  line,  stijiple  and  mezzotinto  is  now  the  prevailing  style  in  England^ 
and  has  been  for  the  past  forty  or  fifty  years,  for  framing  prints.  Line 
engraving  continuing  to  be  used  for  plates  of  smaller  size,  especially 
for  book  illustrations.  Large  line  plates  are  seldom  engraved,  except 
for  art  unions,  and  there  are  instances  of  amateur  clubs,  composed  of 
men  of  means,  who  subscribe  money  to  enable  an  eminent  engraver^ 
like  ]Mr.  Doo,  to  devote  himself  to  first-class  work  in  tliis  line. 

I  show  you  here  a  large  plate  by  Samuel  Cousins,  after  a  pictiu-e  by 
Sir  Thomas  Lawrence.  It  is  a  superb  work,  and  is  almost  a  pure 
mezzotinto;  any  one  not  blinded  by  prejudice  must  say  that  a  more 
faithful  translation  of  a  painting  could  not  be  made.  The  drag  and 
sweep  of  the  painter's  touch  is  imitated,  as  well  as  all  the  other  quali- 
ties, except  its  color.  The  same  engraver  finished  a  mezzotinto  plate 
last  summer,  of  "the  two  Princes  in  the  Tower"  (from  which  the 
wood-cut  I  now  show  you  was  copied),  and  was  paid  more  than  eight 
thousand  dollars  for  it.  It  was  smaller  than  this  plate  of  Pius  VIL 
and  there  was  not  half  as  much  work  in  it. 

It  will  be  conceded  that  there  is  no  class  so  difficult  to  satisfy  as  the 
painters,  and  there  certainly  can  be  none  better  qualified  to  judge  of 
what  is  most  desirable  in  art.  Now,  the  forty  who  coustitute  the 
Royal  Academy  at  London  had  occasion,  after  the  repeal  of  George 
Ill's  vindictive  regulation,  to  select  one  engraver  as  a  representative  of 
the  entire  profession — the  Avhole  art,  irrespective  of  style — and  the 
choice  fell  on  the  man  of  mezzotints,  Samuel  Cousens. 

There  is  a  confusion  of  terms  among  persons  not  over  well-informed 
on  art  matters  that  needs  correcting.  For  example,  there  are  many, 
who,  if  asked  what  these  line  engravings  are  will  promptly  answer 
"those  are  steel  engravings."  Next  ask  them  whether  these  mezzo- 
tints are  also  steel  engravings,  they  will  answer,  "No,  of  course  not; 
they  are  mezzotints;  they're  not  steel."  Now  the  fact  is  those  mezzo- 
tints are  steel  engravings,  and  the  others  are  not.  INIezzotints  are 
abcai/s  done  on  steel,  and  line  engravings  are  frequently  done  on 
copper.  All  that  are  seen  here,  except  the  mezzotints,  are  copper. 
There  is  no  sense  in  the  term  "  steel  engraving."  It  expresses  nothing 
of  style,  and  the  fact  of  a  work  being  done  on  steel  ought  not  to  be  a 
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rrc(»iiiiinii(l:iiiiiii,  Ini'  it  makes  it  iKdic   tJic   bettor,  e.\(;e|)t   t«»  the   |)iih- 
li>li('r,  wlio  <';ui  j;<'t  tVom  it  ii  Iiii't;'('i'  minihcr  uf  iiii|)r('ssi()ns. 

Tla-  j)riiitiiig'  «)t"  mezzotints,  wJieii  done  riglitiy,  is  dillereiit  from  line 
printing",  and  tlie  two  styles  ought  not  to  be  earried  on  in  the  same 
printing  ultiee,  because  the  material  and  the  method  used  in  line  work 
is  so  mueh  easier  than  the  otlier  tliat  the  men  are  sure  to  use  both  for 
mezzotints.  This  is  what  brings  the  style  into  discredit — bad  printing 
— and  publishers  go  so  earnest]}^  for  the  cheap  that  the  prospect  is 
Jiopeless.  As  Thomas  Carlyle  says,  "cheap  and  nasty,"  and  the  latter 
is  accepted  for  the  sake  of  the  former. 

Plate  ]>rinters'  ink  is  made  by  grinding  a  iiJic  icind  of  charcoal  into 
linseed  oil  that  has  been  burned  and  oxidized  until  it  will  draw  into 
unctuous  threads  between  thumb  and  finger.  Lampblack,  such  as  is  used 
in  woodcut  printing,  won't  do  at  all.  The  best  and  only  proper  black, 
is  made  from  the  skins  and  seeds  of  grapes  after  the  juice  is  pressed  out 
for  wine.  Manufacturers  of  Mayence  and  Frankfort  buy  up  this 
material,  burn  it  and  grind  it,  and  it  is  called  Frankfort  Black;  and 
these  Frankfort  manufacturers  supply  all  places  in  the  world  where 
good  work  is  done.  During  the  first  Napoleon's  war  with  England 
the  commerce  with  the  continent  was  cut  otf,  and  English  })late  })rin- 
,ters  could  not  obtain  Frankfort  Black.  Then  the  Society  of  Arts 
offered  a  liberal  premium  to  any  who  would  produce  a  black  having 
the  quality  of  Frankfort  Black  and  to  be  no  dearer.  They  continued 
the  offer  for  at  least  twenty  years  after  the  continent  was  oj)en  to  their 
trade,  but  the  want  remained  unsupplied.  In  good  printing,  with  the 
j)roper  black,  the  print  should  ap})ear,  on  looking  along  it  towards  the 
light,  like  black  velvet  on  white  satin,  the  hot  polished  plate  giving  a 
satiny  polish  to  the  paper,  while  the  ink  stands  up  from  it  like  black 
velvet. 

Impressions  from  jjlates  engraved  in  the  .stjde  termed  "  aquatinta  " 
resembles  in  appearance  an  India  ink  or  Sepia  drawing,  according  to 
the  color  of  the  printers'  ink  used'  in  printing.  The  invention  is 
attributed  to  a  French  artist  named  St.  Xon,  and  a  little  later  than  the 
introduction  of  mezzotint ;  it  was  successfully  practiced  by  a  German 
lady,  Madame  Catharine  Prestel.  It  was  introduced  into  England  by 
Paul  Sandby  about  the  middle  of  the  last  century. 

The  etching  ground  in  this  method  is  resin,  and  in  France  is  spread 
on  the  plate  in  a  shower  of  fine  powder,  and  then  fixed  as  it  falls  by 
jueans  of  heat  applied  iroju  beneath  the  phite.     Tlie  English  method 
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is  to  dissolve  the  resin  in  alcohol  aud  pour  it  on  to  the  plate.  When 
.the  alcohol  has  evaporated  the  resin  is  found  in  small  granules  all  over 
the  surface,  with  fine  cracks  Ijetween  them,  leaving  the  copper  thus 
exposed  so  that  when  aquafortis  is  ap})lied  it  will  corrode  the  })late  at 
these  cracks  and  not  where  the  grains  of  resin  adhere.  The  ouide 
lines  of  a  tracing  or  outline  drawing  are  transferred  on  to  this  resin 
ground,  a  l>anking  wall  of  wax  with  a  large  spout  at  one  corner  is 
formed  on  the  margin  aroiuid  the  subject,  and  the  high  lights  are 
touched  in  with  stopping-out  varnish,  the  same  as  in  etching,  already 
described.  Every  successive  gradation  of  tint  is  produced  bv  this 
stopping-out  between  each  biting  till .  the  deepest  tints  are  obtained. 
The  plate  is  then  cleaned  Avith  spirits  of  turjientine  and  with  alcohol, 
the  resin  yielding  only  to  the  latter  solvent. 

After  a  proof  has  been  taken  it  may  be  found  that  some  of  the  darks 
are  deficient  in  intensity.  The  remedy  is  to  i)our  on  a  new  ground 
after  making  the  jilate  perfectly  clean,  and  the  resin  will  granulate 
over  the  previous  formation  and  form  a  re-biting  ground.  You  now 
prepare  a  paint  of  yeast,  molasses  and  whiting,  or  of  gamboge,  sugar 
and  whiting,  and  with  a  sable  brush  touch  in  where  the  deeper  darks 
are  needed.  Foliage  relieved  against  a  sky  lighter  than  itself  should 
be  treated  in  this  same  manner.  When  this  composition  is  qliite  dry, 
<iover  the  whole  surface  of  the  i)late  with  stopping-out  varnish  and  let 
it  dry  hard.  If  aquafortis  were  now  apjilied  it  could  have  no  effect 
because  the  entire  plate  is  protected.  Xext  stand  the  plate  on  an 
inclined  position,  face  outward,  and  pour  warm  water  over  it.  Fer- 
mentation begins  wherever  the  composition  has  touched,  and  forciblv 
bursts  away  the  outer  varnish,  and  the  flow  of  water  carries  it  off  as 
fast  as  it  is  liberated.  The  aquafortis  is  then  applied  in  the  manner 
before  described,  the  plate  cleaned,  and  the  work  is  done.  If  edo-es  of 
some  of  the  tints  are  found  to  be  too  harsh  and  abru^Jt  thev  are  cor- 
rected by  the  use  of  the  burnisher. 

It  has  been  found  that  the  liquid  ground  granulates  into  a  better 
grain  on  copper  than  on  steel,  and  that  the  addition  of  a  little  sal-am- 
moniac improves  the  biting  quality  of  the  aquafortis.  Great  care  is 
necessary  that  not  the  least  particle  of  dust  falls  on  the  resin  ground 
while  in  a  liquid  state,  as  it  ruins  it  and  it  must  Ije  cleaned  off. 

Stipple  engraving,  a  style  of  work  done  with  dots  in  place  of  lines 
LS  the  same  in  all  its  methods  as  that  already  described  for  modern  line 
-engraving,  that  begins  in  etching,  except  that  the  graver  used  is  slio-htlv 
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<ur\i'(l  witli  its  ])oint  dowinvards,  and  tho  handle  reversed  so  as  ta 
j)res('nt  the  tool  at  a  greater  an<;le  to  tho  face  of  the  plate.  It  was 
invented  by  Bylaert,  of  Leyden,  hiit  introdnced  into  England  from 
France  by  the  nnfortnnate  Ryland,  he  who  executed  the  two  whole 
length  portraits  that  Robert  Strange  had  refused.  I  sjiy  unfortunate, 
lieeause  he  himself  was  afterward  executed  for  the  <  rime  of  forgery. 

With  the  introduction  of  stippling  began  the  publication  of  colored 
prints.  The  examples  before  you,  after  Stotliard  and  Angelica  Kauf- 
man, are  not  colored  with  the  brush  on  to  the  print,  but  are  printed 
in  oil  colors  from  the  plate  itself  at  a  single  impression,  the  colored 
inks  being  worked  into  the  dots  of  the  hot  plate,  wdth  the  finger  in  the 
small  spaces,  and  with  the  dabber  in  the  broader  ones.  Among  the 
most  successful  of  the  earlier  stipple  engravers  was  Bartolozzi  (equally 
skillful  in  line,  however),  and  you  here  see  impressions  of  the  etching 
and  finished  state  of  one  of  his  plates  in  this  style. 

The  stipi)le  was  sometimes  used  to  imitate  the  strokes  of  a  crayon 
drawing,  as  in  the  print  before  you,  after  a  group  in  West's  "  Christ 
Rejected"  (one  of  the  pictures  presented  to  the  Academy  by  Mrs.  Joseph 
Harrison).  When  in  this  form  it  was  known  by  the  term  "  chalk 
engraving."  Since  the  discovery  of  crayon  lithography  chalk  engrav- 
ino-  has  gone  out  of  use,  because  the  real  thing  is  better  and  easier  than 
the  imitation. 

Soft-ground  etching  has  also  been  driven  from  the  field  by  the 
introduction  of  lithography.  It  is  the  simplest  and  easiest  of  all  the 
methods,  and  but  few  words  will  suffice  to  describe  it.  The  example 
before  you  is  by  George  Morland,  and  the  fac  simile  of  Raifaelle's 
study  from  nature  for  Adam  in  the  "  Temptation  "  is  mainly  by  this 
method,  but  it  had  to  be  helped  out  afterwards  with  some  dry  point- 
scratching.  • 

The  ordinary  etching  ground  has  to  be  melted  again  and  about  one- 
third  of  its  bulk  of  lard  incorporated  with  it.  From  this  it  derives 
its  name.  In  cold  weather  it  requires  more  lard,  and  in  warm  weather 
less.  It  is  spread  over  the  plate  and  smoked  in  the  same  manner  as 
hard  etching  ground,  and  then  care  must  be  observed  that  nothing 
touches  it. 

Take  a  sheet  of  writing  paper,  one  inch  larger  every  way  than  your 
plate,  dampen  it,  and  place  it  cautiously  over  your  ground,  turning 
the  margin  over  the  back  of  tlie  plate,  to  which  you  fasten  it  with 
paste  or  otherwise ;  when  dry,  it  will  be  stretched  quite  smooth.   Take 
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an  H  or  HB  pencil,  and  draw  your  subject  on  it  just  as  you  wish  it  to 
appear,  pressing  harder  where  your  darks  are  to  be,  and  lighter  for 
the  more  delicate  parts.  According  to  the  weather,  or  as  your  ground 
is  softer  or  harder,  you  select  the  pencil,  remembering  that  the  softer 
the  ground  the  softer  should  be  the  pencil.  AVhen  the  drawing  is 
linished,  lift  the  paper  carefully  from  the  plate,  and  wherever 
you  have  touched  with  the  pencil  the  ground  will  have  adhered 
to  the  paper,  leaving  the  metal  plate  more  or  less  exposed.  A  wall  of 
wax  is  then  put  around  the  subject,  and  the  biting  with  aquafortis 
jiroceeded  with  as  in  other  etching.  Tf  all  things  have  gone  right,  a 
])roof  from  the  plate  should  resemble  exactly  the  pencil  draM'ing  on 
paper,  by  the  soft  etching  ground  sticking  to  the  under  side  of  tlie 
paper. 

Engraving  on  stone  (called  lithography)  is  not  done  with  a  graver, 
but  Avith  a  steel  or  a  diamond  point.  A  smoothly  polished  stone  is 
covered  with  a  thin  coating  of  gum  water  and  lampblack,  and  the 
lines  are  drawm  through  this  with  the  point,  broader  points  being  used 
when  lines  are  wanted  broader,  not  by  pressing  deeper  into  the  stone. 
Thus  the  etched  lines  show  white  in  the  surrounding  blackness,  just  as 
an  etcher  on  metal  plates  is  enabled  to  see  his  work  by  means  of  the 
smoked  etching  ground.  The  work  being  done,  the  lines  are  filled 
with  greasy  ink,  and  when  the  printer  has  cleaned  off  the  gum  and 
black  the  work  appears  as  black  lines  on  the  white  stone.  After  hav- 
ing submitted  the  work  to  the  process  of  fixing,  it  is  ready  to  print. 
There  is  quite  a  variety'  of  lithographic  processes  practiced,  but  tliey 
are  outside  the  boundary  of  my  subject,  even  if  there  were  time  to 
touch  on  them. 

I  must  now  conclude,  regretting  that  there  is  not  time  in  a  single 
discourse  to  taker  a  broader  survey  of  this  interesting  subject.  I  have 
crowded  into  it  as  much  as  I  dared,  and  no  doubt  have  fatigued  vou  all. 


Cheap  Dyes. — Hugo  Soderstrom  c:ills  attention  to  the  importance 
of  using  cheaper  dyes  in  place  of  some  of  the  exotic  products,  such  as 
the  yellow  wood  of  Cuba,  fustic  and  quercitron.  He  mentions  espe- 
cially dyers'  weed,  saw-wort,  broom,  the  wood  of  the  mulberry  and 
acacia  trees,  dried  pear  leaves,  oak  bark,  the  bark  and  young  shoots  of 
the  poplar,  sorrel  roots,  the  leaves  of  the  great  nettle,  and  juniper  ber- 
ries, giving  rules  for  their  successful  employment.  —  Wollengeicerbe.   C. 
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OX  D'AUIUA'S  ENGINE  (JOVERNOR  AND  THE  ACTION 
OF  GOVERNORS  IN  GENERAL. 


By  the  Inventor,  L.  D'A'/ria, 

Professor  of  Ai>[>lioil  Mcclianics,  former  Engineer  of  tlie  Military  Topograpliic 
Institution  in  Italv,  etc. 


In  March,  1879,  the  writer  of  this  note  submitted  to  the  Conitnittee 
on  Science  and  Arts  of  the  Franklin  Institute  of  tlie  State  of  Penn- 
svlvania  an  improved  engine  governor  of  his  own  invention,  called 
"  D'Auria's  Engine  Governor,"  which  was  examined  on  model  and 
drawing,  and  found  to  be  "very  simple  and  compact,  cheap  in  con- 
struction, comparatively  small  in  dimensions,  extremely  sensitive, 
quick  in  action,  nearly  frictionless  and  isochronous."  It  was  con- 
structed upon  the  theory  set  forth  by  the  inventor  in  the  Franklin 
Institute  Journal  of  March,  1879.  After  this  examination  the  com- 
mittee expressed  the  desire  to  make  a  practical  test  of  the  governor, 
and  a  1-inch  D'Auria's  Engine  Governor,  furnished  by  the  inventor, 
was  attached  on  the  engine  of  the  Franklin  Institute. 

This  n-overnor,  except  the  case  when  the  engine  was  run  without 
load,  was  found  to  act  practically  in  accordance  with  the  previous 
views  of  the  committee.  It  commanded  three  ditfei'ent  speeds  to  the 
eniJ-ine,  by  means  of  three  different  sets  of  pulleys,  and  these  speeds 
were  78,  62,  48  revolutions  per  minute  when  the  engine  was  emi^loyed 
in  running  the  dynamo-electric  machine,  and  76,  62,  48  revolutions 
per  minute  when  the  engine  was  running  said  machine  together  with 
an  additional  resistance  procured  by  a  brake  lever.  When  the  engine 
was  run  without  load,  the  leakage  of  steam  through  the  governor 
valve  (which  was  a  kind  of  oscillating  slide  valve,  adjusted  rather 
looselv  to  prevent  friction)  caused  the  engine  to  run  at  a  greater  speed 
than  that  due  to  the  sensitiveness  of  the  governor.  Considering  the 
eno-ine  was  run  at  a  very  low  speed,  this  inconvenience  was  of  little 
importance,  and  even  this  source  of  objection  has  been  successfully 
eliminated  by  the  inventor,  by  usiug  a  balanced  poppet  valve  as  a  sub- 
stitute for  the  balanced  slide  valve.  This  improvement  is  shown, 
too-ether  with  some  little  change  of  form  of  the  governor  itself,  in 
Fig.  1,  iu  which  the  balanced  poppet  valve  (shown  apart  in  Fig.  2) 


April,  1880.] 


D  'J.  uria — Go  vernors. 


267 


Is  liorizontallv  disposed  within  a  valve  chamber,  E,  made  in  the  gov- 
ernor spindle,  K,  at  the  end  of  a  cylindrical  tube,  T,  which  tube  forms 
a  practically  tight  steam  joint  with  a  steam  box,  B,  provided  with  an 
induction  passage,  /. 

The  governor  spindle,  K,  projects  from 
the  steam  box,  B,  through  a  stuffing  box, 
and  receives  rotary  motion  from  the  engine 
by  means  of  gear,  etc. 

Tlie  steam  box,  B,  is  provided  with  a 
flange,  and  covers  a  larger  steam  chamber, 
'S'.  An  eduction  passage,  D,  leads  from 
the  steam  box  to  the  engine,  in  which 
steam  chamber  the  valve  chamber,  E,  and 
its  valve  revolves. 

The  governor  arm,  which  is  formed  by 
two  equal  side  pieces,  AA,  riveted  on  each 
side  of  a  ball,  revolves  also  in  the  same 
steam  chamber,  S,  being  hung  on  both 
sides  of  the  valve  chamber,  E. 

The  position  of  the  point  of  susjiension 
and  that  of  the  centre  of  gravity  of  the 
governor  arm  in  reference  to  the  axis  of 
rotation,  in  order  to  obtain  the  closest  ap- 
proximation to  isochronism,  are  determined 
after  the  theory  set  forth  in  the  Frankltx 
Institute  Journal  of  March,  1879, 
page  130. 

The  connection  between  the  g-overnor 
arm  and  the  throttle  valve  is  made  by  a  wire  bent  in  form  of  U,  as 
shown  on  the  drawing,  the  sides  of  which  are  confined  between  the 
sides  of  the  governor  arm  and  the  walls  of  the  valve  chamber,  so  that 
it  cannot  come  out  unless  the  governor  arm  be  taken  apart  from  the 
valve  chamber  to  allow  the  Avire  to  spring. 

When  the  governor  arm  swings  upwards  by  the  centrifugal  force 
acquired  through  the  act  of  revolution,  the  valve  is  carried  towards 
its  seats. 

The  valve  moves  on  three  wing  guides,  which  are  constructed 
so  as  to  peraiit  it  to  oscillate  with  extremely  small  resistance ; 
anoreover,  the  valve  does  not  enter  the  seats,  but  rests  only  upon  the 
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edjjcs,  thus  toniiinti,'   the   limit  of  motion  and  oontroUinji;  the  ran^e  ot" 
the  (Tovernor  arm  in  .swinj^inti;  upwards.     The  conti-arv  motion  of  both 
valve  and   governor  arm  is  .stopi>ed  by  the  eontact  between  the  cross 
bar  of  the  connecting  wire  with  the  valve  chamber. 

The  steam  from  the  boiler  enters  the  induction  passage,  /,  antl  Hows 
through  the  openings,  P,.of  tube  T,  to  reach  the  valve  chamber,  jfc',. 
after  -which,  if  the  ports  of  the  latter  are  opened,  it  will  be  delivered 
in  the  steam  chamber,  »S',  from  which  it  will  flow  to  the  engine  through 
the  eduction  passage,  JJ. 

As  the  weight  of  the  throttle  valve  is  very  small,  as  compared  with 
that  of  the  gov^ernor  arm,  the  frictional  resistance  is  easily  overcome  by 
the  least  increase  or  dimiiuition  of  centrifugal  force  of  the  governor 
arm,  produced  by  any  small  variition  of  speed  of  the  engine;  and 
the  o-overuor  beino-  isochronous,  the  effect  of  such  small  variations  of 
speed  will  be  to  entirely  shut  or  open  the  valve  chamber  of  the  gover- 
nor, and  therefore  to  compel  the  engine  speed  to  oscillate  between  very 
close  limits. 

Such  a  governor  will  not  only  control  the  speed  of  an  engine  to  a 
definite  number  of  revolutions  per  minute,  but  it  is  also  able  to  control 
the  irregularity  of  a  single  revolution  of  an  engine,  when  it  must  be 
observed  that  during  the  period  of  expansion  of  steam  the  action  of 
the  governor  is  ineffective.  If  at  such  period  of  the  stroke  an  increase 
of  load  takes  place,  it  must  be  controlled  by  the  momentum  either  of 
a  flvwheel  or  of  parts  of  machines  which  derive  their  motion  from  the 
engine ;  and  if  the  speed  passes,  in  either  direction,  the  limits  due  to- 
the  sensitiveness  of  the  governor  and  its  control  of  the  valve  during 
the  period  of  expansion  of  steam  for  each  stroke,  such  effect  can  only 
be  attributed  to  a  deficiency  of  such  momentum. 

A  ffreat  momentum  in  an  eus^ine  is  always  beneficial  to  the  action  of 
the  governor,  its  operation  being  to  lengthen  the  time  in  which  a 
change  of  speed  takes  place ;  but  it  does  not  in  any  way  affect  the  sen- 
sitiveness of  the  governor.  In  other  words,  it  may  reduce  the  accele- 
ration and  retardation  of  speed,  but  'it  will  not  prevent  the  engine 
from  reaching  the  extreme  limit  of  its  speed  due  to  the  sensitiveness- 
of  the  governor. 

It  can  be  asserted  that  an  isochronous  governor,  when  practiadly 
frictionless,  has  a  complete  control  of  a  steam  engine.  On  the  other 
hand,  with  a  governor  subjected  to  a  considerable  friction,  a  better- 
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•control    is    obtained  wlien    the    isochronous    j)roperties   are   avoided. 
These  propositions  can  be  demonstrated  as  follows : 

Imagine  two  governors,  both  subjected  to  friction,  one  isochronous 
■and    the    other    non-isochronous.     Suppose   the    first,   if   frictionless, 
to  have  its  steam  passage  opened  or  shut  indifferently,  running  always 
.at  100  rev^olutions  per  minute;  and  the  second,  also,  if  frictionless,  to 
have  its  steam   passage  full   opened,  running  at   98   revolutions   per 
.minute;    and  quite  shut,  running    at    102    revolutions    per    minute. 
Moreover,  suppose  both   gov^ernors  require  5  per  cent,  more  speed  to 
■overcome  their  friction  while  the  valve  is  moved  in  the  direction  to 
■shut  the  steam  passage,  and  5  per  cent,  less  speed  while  same  valve  is 
moved  in  the  direction  to  open  it.     Suppose,  further,  that  the  engine 
is  running  with  its  steam  passage  full  open,  with  a  gradually  accele- 
a*ating  velocity  of  rotation.     As  soon  as  the  speed  of  the  isochronous 
governor  reaches  105  revolutions  per  minute  the  steam  passage  will  be 
suddenly  closed  by  the  governor  valve ;  the  speed  of  the  engine  will 
be  now  retarded,  with  more  or  less  rapidity  of  retardation  as  aifected 
by  the  momentum  of  the  flywheel  or  moving  parts,  until  100  revolu- 
rtions  per  minute  is  reached.     At  this  rate  of  speed  the  governor,  by 
•our  supposition,  does  not  offer    to   move  the  valve   in    the   direction 
■of  opening,  but  the  operation  of  retardation  must  progress,  b>^  absorp- 
.tion  of  force  from  the  momentum  of  the  moving  parts,  until  the  speed 
ifalls  to  95  revolutions  per  minute,  when  the  valve  will  be  full  opened 
by  the  governor  with  the  same  suddenness  of  action.     With   such  a 
Igovernor  the  engine  speed  will  be  established  at  velocities  oscillating 
between  95  and  105  revolutions  per  minute.    Then  if  a  change  of  load 
Ibrings  the  engine    speed    to  one  of  these    limits,  the    governor  will 
undoubtedly  change  the  speed  to  the  other  limit.     A  graphical  repre- 
:sentation  of  this  is  giv^en  in  Fig.  3,  in  which  the  distance  between  AB 
.and  CB  represents  the  stroke  of  the  governor  valve.    AB  corresponds 
1)0  the  position  of  the  governor  valve  when  it  shuts  the  steam  pa.ssage, 
and  CD  corresponds  to  the  position  of  this  valve  when  it  opens  the 
«teara  passage  entirely.    EF  and  GH  represent  the  limits  of  the  engine 
.speed  in   revolutions  per  minute.     Between  AB  and  CD  is  the  line 
/representing  the  action  of  the  governor  valve,  and   betweert  EF  and 
GH  is  the  line  representing  the  speed  of  the  engine,  with  variations 
which  correspond  graphically  to  the  action  of  the  governor  valve. 

Between  A  and  Care  marked,  in  revolutions  per  minute,  the  pi)si- 
itions  of  equilibrium  of  the  governor  while  the  valve  moves  to  sliut 
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tlie  Steam  passage,  and  l)et\reeii  B  and  D  are  nuwkeil,  in  the  same  man- 
ner, the  positions  of  ecjnililn'ium  of  the  governor  wliile  the  valve 
moves  to  open  the  .steam  passage. 
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Examining  now  the  non-isochronous  governor,  with  a  similar  sup- 
position of  open  steam  passage  and  with  the  speed  accelerating  above 
102  revolutions  per  minute,  the  valve  will  begin  to  close  the  steam, 
pas.sage,  and  it  will  gradually  be  reduced  by  the  valve  while  tlie  speed 
passes  from  102  to  107  revolutions  per  minute.  When  the  latter- 
speed  is  reached,  the  steam  passage  will  be  quite  shut,  and  it  will  not 
begin  to  open  until  the  speed  falls  to  97  revolutions  per  minute,, 
because  the  valve  would  keep  the  steam  passage  closed  with  the  gover- 
nor, if  frictionless,  running  at  102  revolutions  per  minute;  therefore.. 
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to  overcome  the  friction  while  the  valve  moves  in  the  direction  to- 
open  the  valve  chamber,  according  to  our  supposition,  the  speed  must 
fall  to  97  revolutions  per  minute.     While  the  speed  passes  from  97  to 
93  revolutions  per  minute  the  steam  passage  will  be  opened  gradually^ 
With  such  a  governor  the  engine  speed  can  oscillate  between  93  and 
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107  revolutions  per  minute ;  but  if  a  change  of  load  brings  the  engine 
speed  to  one  of  these  limits,  then  the  valve  will  gradually  open  or  shut 
the  passage  of  steam  ;  and  it  may  be  asserted  that  before  the  passage 
shall  be  either  opened  or  shut,  the  engine  will  have  been  regulated  in 
speed,  and  the  uniformity  of  speed  may  be  maintained  with  a  partly 
open  steam  passage  until  another  change  of  load  may  disturb  it.  This 
makes  a  non-isochronous  governor  preferable  to  an  isoclu'onous  one, 
when  both  are  subjected  to  frictional  resistance  to  be  overcome  by  the 
irovernor  itself. 
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A  graphical  representation  of  tlie  action  of  tlie  supposed  non- 
isoohronous  governor  at  various  rates  of  speeds  for  the  engine  is  given 
in  Fig.  4,  witli  tlie  same  letters  of  reference  as  in  Fig.  3,  referring  to 
the  similar  things. 

A  graphical  representation  of  the  action  of  an  isochronous  and  fric- 
tionless  governor,  and  that  of  the  engine  speed,  is  given  in  Fig.  5, 
also  with  the  same  letters  of  reference  as  in  Fig.  3,  referring  to  sim- 
ilar things.  In  this  last  representation  the  engine  speed  is  shown 
bv  a  straight  line — a  condition  which  follows,  because  an  isochronous 
and  frictionless  governor  commands  an  engine  to  run  with  uniform 
speed. 


Supernumerary  Rainbows. — When  a  rainbow  is  very  brilliant, 
secondary  or  supplementary  bows  are  often  seen  near  the  centre  of  the 
arch.  Kaemtz,  Lang^vuth  and  other  observers  have  supposed  that  the 
reduplication  is  never  visible  near  the  extremities  of  the  bow.  Mon- 
tignv  saw,  in  August  last,  two  ordinary  bows  with  four  supernumerary 
arches  near  the  ground,  which  extended  to  about  a  third  the  height  of 
the  inner  bow.  There  were  two  distinct  layers  of  rain-clouds,  and  the 
supplementary  bows  seemed  to  be  formed  in  the  lower  layer. — ^uU. 
de  VAcad.  de  Belg.  .  C. 
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A  NEW  IIVPOTITESIS  RK(iARJ)IXG  COMETS  AND 
TEMPOllAKY  STARS. 


By  Thomas  William  Tobix, 

Professor  of  Pliysics,  Central  University,  Richmond,  Ky. 


Every  new  achievement  of  mechanical  science  to  aid  vi.sion  in  tlio 
investiiration  of  the  heavens  has  been  eay-erlv  directed  to  the  constitu- 
tion  and  movements  of  those  bodies  known  as  comets.  Conformably 
with  the  nniversal  laws  of  gravitation,  their  orbits  have  been  observed 
to  be  curves  of  the  conic  set'tions.  The  conclusion,  therefore,  that 
being  subject  to  these  and  other  laws  of  matter,  they  are  of  a  material 
nature,  is  generally  believed  by  astronomers.  In  some  respects,  how- 
ever, they  apj)ear-  as  embodiments  of  force,  or  constituted  of  material 
of  such  an  attenuated  form  as  to  have,  as  far  as  we  know  now,  no  terres- 
trial equivalent. 

Those  having  parabolic  and  hyperbolic  orbits  are  doubtless  visitants 
from  other  systems  than  ours,  returning  in  new  paths  to  again  encoun- 
ter other  systems.  We  may  regard  them  as  the  true  planets  of  the 
siderial  heavens,  so  erratic  must  be  their  paths  in  space. 

There  is  another  class  of  siderial  phenomena  to  which  the  merest 
hypotheses  can  be  applied,  and  even  then  with  but  little  satisfaction  to 
the  mind  of  the  investio-ator.  It  has  aiforded  a  field  for  the  wildest 
flights  of  imagination  in  darker  ages  of  astronomy,  and  frail  romance 
has  interwoven  it  w'itli  immediate  divine  interposition.  It  is  the 
sudden  appearance  and  equally  sudden  disappearance  of  stars  in  the 
heavens. 

Of  this  class  we  may  take,  as  a  notable  and  historical  example,  the 
temporary  star  of  1572,  which  was  "observed  and  recorded  by  the  cele- 
brated Tycho  Brake.  ''  Suddenly,"  says  the  record,  "  there  appeared 
in  the  constellation  of  Cassiopeia  a  star  that  in  brightness  surpassed 
Sirius,  and  it  could  be  compared  with  Venus  w^hen  she  is  at  her  bright- 
est. It  was  seen  in  the  day  time,  and  at  night  through  clouds  of  con- 
siderable density.  Its  position  was  carefully  noted,  to  make  sure  it 
was  not  a  comet.  In  December  its  brightness  began  to  diminish,  and 
it  gradually  passed  through  degrees  of  brightness  until  February,  1574, 
wlien' it  vanished,  having  been  visible  17  months.     Its  color  was  first 
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white,  then  vellow,  and  finally  red.  Some  astronomers  imagined  that 
it  would  reappear  again  after  150  years,  but  it  has  never  been  discov- 
ered since.  It  alarmed  the  astronomers  of  the  age  who  beheld  it,  and 
many  of  them  wrote  dissertations  concerning  it." 

Amongst  numerous  other  temporary  stars  that  have  from  time  to 
time  appeared,  the  following  may  be  quoted. 

In  1604  a  star  appeared  in  Serpentarius  and  remained  visible  15 
months,  then  disappeared. 

In  1848,  in  Ophiuchus,  a  star  of  the  fourth  magnitude  appeared;  in 
■a  few  weeks  it  diminished  to  a  star  of  the  twelfth  magnitude. 

In  May,  1800,  a  star  of  the  second  magnitude  appeared  in  the 
northern  crown.     In  June  it  was  of  the  ninth  magnitude. 

La  Place  says  of  these  phenomena  :  "  As  to  those  stars  which  sud- 
denly shine  forth  with  a  very  vivid  light  and  then  immediately  dis- 
appear, it  is  extremely  probable  that  great  conflagrations,  produced  by 
extraordinary  causes,  take  place  on  their  surface.  This  conjecture  is 
■confirmed  by  their  change  of  color,  which  is  analogous  to  that  pre- 
sented to  us  on  the  earth  by  those  bodies  which  are  set  on  fire  and  then 
gradually  extinguished."  Mrs.  Somerville  says,  "  It  is  impossible  to 
imagine  anything  more  tremendous  than  a  conflagration  that  could  be 
visible  at  such  a  distance." 


Presuming  that  in  the  course  of  time  all  possible  relations  in  the 
positions  of  the  heavenly  bodies  to  each  other  must  take  place,  Ave  may 
assume  that  between  a  far  distant  and  to  us  invisible  sun,  a  comet  may 
make  a  transit  in  such  a  position  as  to  be  directly  in  a  line  with  the 
earth.  Under  such  circumstances  we  will  now  consider  the  possible 
phenomena  that  would  occur. 

In  Fig.  1,  A  represents  such  distant  star,  S  our  solar  svstem,  E 
the  earth,  and  Ca  comet  in  the  aphelion  of  its  orbit  about  the  star  ^4. 

Xow  if  the  nucleus  and  coma  of  the  comet  have  density  and  trans- 
])arency,  both  of  Mhich  are  probable,  the  rays  of  light  emanating  from 
the  distant  star  A  would  suffer  refraction,  and  the  area  represented  by 
the  line  ef,  M'liich  would  be  filled  by  tlie  obstructing  space  of  the  comet. 
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thus  rechiced  in  amount  and  inversely  incretused  in  inten.sitv  t<»  the 
space  c  (1,  the  ratio  of  e  /to  c  d  being  dependent  npi»n  the  nfVaetive 
mid  dispersive  [)ower  of  the  eonietiiry  mass. 


E 


Let  us  take  Fig.  2  as  an  enlarged  representation  of  the  comet,  in; 
which  A  produced  is  the  distant  star  and  E  the  position  of  the  earth. 
The  amount  of  the  normal  rays  that  would  be  encountered  by  O  may  be- 

represented  by  a  b^  and  at  the  earth  by  ef^,  which  by  refraction  will 

be  represented  by  c  cP.     Call  these  respectively  a"^,  e^  and  c^,  and  we 
may  then  have  the  proportion 


a" 


CA' 


:i) 


e        EA^ 
But  the  intensity  of  the  variable  light  v,  received  by  refraction  at 

E,  is  to  the  normal  light  w  inversely  as  c  (f  is  to  e  f^,  or 

(?       n 

n  e^ 

.'.17= 

..2 


(2> 


Substituting  the  value  of  e  in  (1)  we  get 


na'EA^ 


CA' 


(3) 


In  the  event  of  refraction  producing  parallel  rays  from  C  to  E,  them 
c  d  being  equal  to  a  b,or  c  =  a,  we  have 


71  EA- 


CA' 


(4) 


Now  the  star  a,  Centauri,  the  nearest  to  our  sun,  is  in  roimd   num- 
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hers  21  millions  of  millions  of  miles  distant  from  it.     Taking,  as  an 

illustration  of  the  foregoing,  the  approximate  magnitude  and  distance 

of  a  comet  similar  to  that  which  passed  through  our  system  in  1680  as- 

Aphelion,  .  .  13,000,000,000  miles. 

Perihelion,       .  ,  .      130,000  " 

Velocity  at  perihelion,      .  1,000,000  miles  per  hour. 

According  to  (4),  if  such  a  comet  should  pass  between  that  star  and 
us  under  the  foregoing  conditions,  x  =  2,600,000,  or  it  would  increase 
two  and  a  half  million  times  the  brightness  of  that  star ! 

The  relative  brightness  of  a  star  of  the  first  magnitude  compared 
with  one  of  the  sixth  magnitude,  according  to  Herschel,  is  as  100  to  1.. 
We  may  therefore  form  some  conception  what  values  in  the  equations 
(3)  and  (4)  would  bring  a  star  from  the  sixth  magnitude,  or  even  from 
obscurity,  to  the  first  magnitude  of  brightness.  But  we  are  presuming 
on  a  dispersive  power  of  the  coma  gre^iter  than  it  probably  possesses. 
The  usual  cometary  form  of  the  nucleus  and  coma,  if  retained  at  that 
distance  from  its  sun,  would  itself  be  conducive  to  a  high  dispersive 
power,  and  should  the  tail  be  retarded  in  its  orbitual  progress,  causing 
the  denser  portion  to  be  in  advance  of  the  centre  of  the  comet,  the 
sudden  appearance  of  white  light  and  its  passage  through  the  less- 
refrangible  rays,  yellow  and  red,  before  extinction,  would  account  for 
the  phenomenon  of  a  "  burning  out,"  as  already  described. 

In  regard  to  the  period  of  duration  of  the  phenomenon.  In  aphelion 
this  comet  would,  according  to  the  data  given,  possess  a  velocity  of  not 
greater  than  about  ten  miles  per  hour ;  and  if  its  diameter  were  one- 
quarter  that  of  the  star,  the  time  occupied  in  making  a  transit  is  easily 
reconciled,  at  least  with  the  times  of  those  variations  of  1848  and  1  866,. 
and  can  easily  be  conceived  to  occupy  a  few  weeks  in  duration. 

Of  course  these  illustrations  are,  for  lack  of  data  of  the  distances  and 
actual  magnitude  of  the  fixed  stars  and  comets,  merely  speculative 
attempts  to  reconcile  the  variations  of  the  temporary  stars  with  the 
transit  of  cometary  masses,  if  at  all  reconcilable.  We  cannot  conceive 
the  vastness  of  the  mechanism  of  this  universe,  which  must  ever  exist 
in  our  imagination  with  the  mere  term  infinite  applied  to  it.  As  a 
speculation  it  appears  more  rational  than  the  romance  of  the  sudden 
destruction  of  entire  systems  by  means  of  equally  sudden  and  incon- 
ceivable conflagrations. 

Although  outside  the  bounds  of  pure  science,  speculative  philosophy 
ha.s  often  been  the  means  of  directing  the  course  of  investigation  of 
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triitli.  In  tlic  nature  of  such  only  has  tlie  forogoint;  heen  set 
tortli.  It"  soin(;  future  observations  on  comets,  specially  directed  to 
tlieir  materiality  ol"  composition,  coniirni  the  present  notion,  tl)at  they 
liavc  density  and  transj)arency,  that  light  in  passing  through  their 
modi  a  suffers  no  refraction,  then  we  must  look  f(.)r  a  new  form,  may  he 
a  fourth  state  of  matter,  in  their  constitution. 


PRACTICAL  ITEMS  AND  RECIPES. 


By  R.  GiMMSHAW. 


[These  are  in  every  case  drawn  from  the  compiler's  personal  experience,  or  obtaineil 
;t\v  Jiim  at  first  hand  from  those  who  have  tested  and  appi-oved  them.] 


To  Conduct  Ozonized  Air  use  kerite  tubing. 

To  Straighten  Iron  Wire  and  Light  Rods. t— Roll  between 
two  wide  flat  boards. 

To  Destroy  Phylloxera,  sprinkle  the  vines  and  saturate  the 
^oil  with  bisulphide  of  carbon. 

(^uiCK  Dryer  for  Printers'  Inks. — Use  borate  of  manganese, 
wliich  will  also  give  a  "gloss"  effect. 

•  Hardenincj  Drills. — To  give  drills  and  other  steel  articles  an 
!un usual  hardness,  without  brittleness,  use  mercury. 

To  Cut  India  Rubber  Easily. — Keep  Ihe  knife-blade  wet  with 
■water,  or,  better  still,  with  a  strong  solution  of  potash. 

Very  Porous  Draining  Tiles  are  made  by  mixing  large  quan- 
tities of  sawdust  with  the  plastic  clay  and  burning  as  usual. 

Springs  of  Tumbler  Locks  are  best  made  of  phosphor  bronze, 
•as  preserving  its  toughness  and  elasticity  and  avoiding  breakage  or 
inaction. 

To  WORK  Cork  into  symmetrical  shapes,  as  pen  handles,  etc.,  cut 
^i])proximately  to  shapes  with  a  greased  knife,  using  a  drawing  cut, 
:;ind  finish  with  a  coarse  emery  wheel. 

Hot  Bearings  are  relieved  and  prevented  by  the  use  of  graphite 
as  a  lubricator — either  pure  or  well  mixed  in  oil.  This  is  good  for 
the  heaviest  journals  and  highest  speed. 

Rubber  Yalves  for  Steam  or  for  Oil,  should  be  specially 
ordered  for  the  purpose  desired,  as  they  require  to  be  vulcanized  at  a 
higher  temperature  or  for  a  longer  time. 
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To  Prevent  Nickee-Platixg  from  Scaling  oft*  iron  or  steel 
objects,  copper  them  first  by  battery  or  by  simple  immersion  in  a  strong 
solntion  of  snlphate  of  copper  (blue  vitriol). 

Clearance  for  Narrow  Saw  Blades  may  be  given,  without 
either  spring  or  spread  set,  by  grinding  the  back  to  a  knife  edge.  This 
is  especially  useful  for  keyhole,  pruning  and  fret  saws. 

In  Buying  Rubber  Goods,  as  ear-springs,  buffers,  etc.,  choose  Ur/ht 
ones;  heavy  ones  are  loaded  up  with  barytes,  etc.  Color  is  no  test. 
Never  buy  old  India  rubber  goods,  as  that  material  "perishes"  with 
age. 

The  Heating  of  Hot  Link  Blocks  is  very  common  in  steam 
fire  engines  of  the  Amoskeag  and  similar  patterns.    It  may  be  avoided 
by  substituting  for  the   composition   generally  used   lignum-vitie  or 
apple-wood  blocks. 

File  Handles,  to  firmly  hold  double-ended  or  revei-siblc  saw- 
files,  may  be  made  by  boring  half-way  down  with  a  large  bit,  and 
deeply  with  a  smaller  one,  thus  giving  the  triangular  file  section  ;i 
bearing  at  two  places  in  its  length. 

To  Grind  Ver^iilions  without  Brownincj  them,  use  a  mill 
having  two  rollers  of  diameters  three  to  one,  and  the  same  number  of 
revolutions  per  minute.  They  have  a  "slip  motion,"  or  true  mulling 
action,  and  as  there  is  only  a  line  of  contact,  instead  of  a  great  surface*, 
such  mills  grind  cool  and  do  not  turn  the*  color. 

"  False  Back  "  Union  or  Hose  Couplings  are  easily  made,  so 
true  as  to  be  nearly  water  tight  without  washers  at  ordinary  jjressures, 
by  casting  the  male  first  with  a  square  encircling  groove,  which,  after 
being  trued  in  the  lathe  and  coated  with  charcoal  blackwash,  or  with 
graphite,  has  the  female  portion  cast  around  it. 

To  "Bring  up"  a  Short  Circular  Saw  Tooth. — Sometimes 
one  tooth  strikes  a  knot,  stone  or  spike,  and  loses  onlv  the  tip  end. 
Instead  of  filing  the  whole  saw  down  to  agree  with  the  short  tooth 
swage  it  with  a  crotched  steel  tool,  gently  lifting  the  tool  as  the  hammer 
strikes  it.     This  will  raise  the  end,  and  bring  the  tooth  into  line. 

To  Preserve  Leather  Hose,  Belting,  etc.,  in  good  condition, 
freely  apply  crude  castor  oil,  warmed  if  possible.  It  increases  the 
pliability  of  the  leather  and  the  cling  of  belts;  does  not  become 
rancid.  Hats  avoid  it.  In  hose,  it  should  be  pumped  in  from  the 
interior  under  considerable  pressure,  thus  thoroughly  filling  the  pores. 

Cheap  Suction  Hose  for  wrecking  purposes,  bridge  caissons,  etc. 
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inav  he  inadc  by  sewing  (-(ttton  duck  into  a  tube  of  tlic  desired  diaiuctcr 
and  spi-inii'intr  into  it  a  eoil  of  stout  galvanized  iron  wire,  wound  on  a 
witodcn  or  other  mandrel,  a  trifle  hirger  tlian  the  hose.  The  ends  of  tJie 
I'oil  nuist  he  secured  to  the  couplings.  A  coat  of  hoilcd  linseed  oil  ren- 
tiers it  water-tight. 

Gates  or  Locks  i-^or  Pxeumatic  TrBiX(t  are  best  made,  instead 
i)t'  with  compliciited  valve  cliambers,  ecc.,  by  simply  surrounding  the 
terminus  with  a  snug-fitting  sleeve  which  has  about  175°  of  its  cir- 
cumference removed  throughout  most  of  its  length,  to  correspond  with 
a  similar  opening  in  the  tube.  Semi-rotation,  or  lengtliwise  sliding, 
of  the  sleeve  opens  full  or  tightly  closes  the  tube  end. 

CorvixG  Ink,  to  be  made  without  Press  or  Water. — Well 
mix  al)Out  three  pints  of  jet-black  writing  ink  and  one  pint  of  gly- 
cerine. This,  if  used  on  glazed  paper  will  not  dry  for  hours,  and  will 
vield  one  or  two  fair  neat  dry  copies,  by  simple  pressure  of  the  hand, 
ill  ativ  good  letter  copy  book.  The  writing  should  not  be  excessively 
fine,  nor  the  strokes  uneven  or  heavy.  To  prevent  "setting  oif,"  the 
leaves  after  copying  should  be  removed  by  blotting  paper.  The 
•copies  and  the  originals  are  neater  than  where  water  is  used. 

Drawing  on  Photographs. — Where  it  is  desired  to  obtain  an 
India  ink  drawing  from  a  photograph,  without  resorting  to  tracing, 
verv  nice  results  are  obtained  thus:  Prepare  a  print  in  the  usual 
manner.  Instead  of  toning  as  usual,  fix  immediately  in  "hypo." 
Wash  well  in  running  water  to  get  out  all  the  hypo.  Draw  directly 
on  the  print  with  India  ink.  This  finished,  bleach  with  a  saturated 
solution  of  corrosive  sublimate  (bichloride  of  mercury)  in  equal  parts 
of  water  and  alcohol.  Flowing  is  better  than  brushing,  for  applying 
the  bleach,  as  it  avoids  smearing. 

Keeping  Wet  Plates  from  Drying. — As  dry  plates  are  not 
alwavs  obtainable,  and  ordinary  wet  plates  dry  so  quickly  as  not  to 
allow  transporting,  it  often  becomes  necessary,  in  order  to  make  a  single 
picture,  to  carry  as  much  apparatus  as  would  be  required  to  mnke  a 
dozen  or  more.  A  very  good  method  of  preparing  a  wet  plate  so  as 
to  last  for  several  liours  consists  in  flowing  the  plate  (after  taking  out 
of  the  bath)  with  a  mixture  of  one  part  of  strong  solution  of  silver 
(eightv  grains  to  an  ounce)  and  two  i)arts  chemically  pure  glycerine. 
Flow  and  drain  the  plate  until  all  streaks  disappear  and  the  plate 
remains  smooth.  This  dispenses  with  carrying  the  bath  and  useless 
vchemicals.     The  plate  may  be  developed  on  returning  home. 
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Bone  Glass.— After  extracting  phosphorus  from  bones,  a  glass 
■can  be  formed  from  tlie  residue,  which  consists  of  lime  and  p]ios[)horic 
acid  ;  the  ordinary  kinds  of  glass  being  composed  of  sand  and  potash, 
;soda,  lime  and  alumina.  Bone  glass  can  be  Avorked  as  readily  as  any- 
other  glass.  It  has  the  valuable  property  of  not  being  attacked  by 
fluoric  acid. — Les  Mondes.  C. 

Petroleum  in  France  and  Italy.— A  Franco-Italian  company 
has  l)een  formed  to  explore  Southern  Europe  for  petroleum.  Exjierts, 
with  boring  apparatus,  have  been  brought  from  the  United  States,  and 
the  local  authorities  have  promised  liberal  aid  to  the  undertaking. 
The  first  wells  are  to  be  sunk  at  Tocco,  in  the  Abruzzes,  and  at  Riva- 
nazzano,  in  Lombardy. —  Chron.  Industr.  C. 

Phoneidoscope. — M.  Guebhard  describes  a  method  of  projectino- 
the  colored  rings  which  are  produced  on  the  surface  of  mercury  bv  the 
l)reath  or  by  a  drop  of  volatile  liquid.  He  also  obtains  membranous 
rings  by  substituting  a  dro})  of  collodion  or  of  varnish  for  the  volatile 
liquid.  These  rings  may  be  fixed  upon  a  card  and  preserved  indefi- 
nitely. Phoneidoscope  figures  may  be  obtained  by  pronouncing  dif- 
ferent sounds  so  that  the  l)reath  may  l)e  intercepted  by  the  mercurial 
surface. — Soc.  Franc,  de  Fliys. 

Economical  Engineering  in  the  St.  Gotthard  Tunnel.— 

("olladon  enumerates  the  following  advantages  from  tiie  use  of  his 
compressors:  1.  A  saving  of  more  than  600,000  francs  (Si 20,000)  in 
the  simple  purchase  of  compressors.  2.  The  reduction  of  the  cost  of 
buildings  to  about  one-tenth  of  what  would  otherwise  be  required. 
•\.  A  ventilation  so  complete  that  the  ventilating  fans,  which  had  been 
l)reviously  purchased,  are  entirely  useless,  and  their  whole  cost  mio-jit 
have  been  avoided. — Mem.  de  la  Soc.  des  Ing.  Civils.  C. 

Detection  of  Starch  in  Milk.— The  adulteration  of  milk  by 
starch  can  be  readily  detected  by  the  following  method.  Add  a  few 
drops  of  acetic  acid  to  a  small  quantity  of  the  suspected  milk ;  boil 
the  milk,  and  after  is  has  cooled  filter  the  whey.  If  there  is  anv 
starch  in  the  milk,  a  single  drop  of  iodine  solution  will  give  a  blue 
tint  to  the  whey.  This  process  is  so  delicate  that  it  will  show  the 
presence  of  a  milligram  of  starch  in  a  cubic  centimetre  of  whev 
(1  grain  of  starch  in  2-16  fluid-ounces  of  whey). — La  Gaceta  Indus- 
trial. C. 
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Packing  for  Steam  Pipes. — K  Katlie  makes  a  packinfr  which 
al.'-o  mav  l)c  \\<('i\  a-  a  iKiii-coiKhictor,  for  wra|)j)iiiL:;  tlie  pi|>os,  b\' 
eriiKHnii;  20  parts  of  hemp-refuse  and  ini.xiiiiz:  it  in  a  Hollander  with 
40  parts  asbestos,  20  parts  wool-waste  and  20  parts  wood-|)nlp. 
The  mass  is  then  saturated  with  solubh;  <j;lass  and  dried. — D'nif/lcrs 
Journal.  ( '. 

Prediction  of  Earthquakes. — T.  Dclauney  has  found,  by  exam- 
ininji'  the  tables  of  eartlMpiakes  from  1705  to  1842,  four  groups  of 
nia.Kimum  frequeney  which  occur  when  Jupiter  and  Saturn  are  at  the 
mean  longitudes  of  265°  and  135°.  He  therefore  predicts  an  unasual 
number  of  earthquakes  in  the  years  1886,  1891,  I8f)8,  1900,  1912, 
1919,  1927  and  1930. — Comptes  Rendus.  C. 

Chlorophyll. — In  1877  Gautier  prepared  crystals  of  pure  chloro- 
|)hvll,  and  he  has  been  studying  its  properties  and  affinities.  A  recent 
pajier  of  Hoppc-Seyler  has  induced  Gautier  to  announce  his  method 
of  removing  the  impurities  which  vitiate  most  of  the  published  obser- 
vations. He  finds  numerous  interesting  resemblances  to  bilirubine  and 
hematine,  and  anticipates,  from  further  researches,  results  of  great 
importance  for  vegetable  physiology. —  Comptes  Iienduf<.  C. 

New  Thames  Tunnel. — A  tunnel  has  been  authorized  by  Act 
of  Parliament  between  Greenwich  and  Millwall,  two  districts  which 
have  an  aggregate  population  of  259,000  persons.  When  the  ferry- 
boats are  interrupted  by  the  frequent  fogs,  a  detour  of  about  twelve 
miles  has  to  be  made  in  order  to  cross  by  way  of  I.iOndon  bridge. 
The  new  sub-wav,  Avhich  will  be  the  fourth  tunnel  beneath  the  Thames, 
will  be  a  third  of  a  mile  long,  approached  by  a  descent  of  fifteen  steps 
at  Millwall  and  bv  twenty-four  steps  at  Greenwich. — L'Ingen.  Univ.  C. 

Safety  of  Dynamite  Cartridges. — Louis  Roux  says  that  the 
transport  of  dynamite  should  be  entirely  prohibited  exce])t  when 
tlivided  into  small  cartridges.  '  When  such  cartridges  are  surrounded 
bv  some  material,  such  as  sand  or  sawdust,  which  absorbs  any  escaping 
liquid,  perfect  security  may  be  obtained.  In  spite  of  the  large  quan- 
titv  of  dynamite  manufactured  during  the  last  few  years,  not  a  single 
accident  has  occurred  from  transportation  or  storage.  A  box  of  dyna- 
mite cartridges  may  be  let  fall  from  a  height  great  enough  to  break  it, 
or  crushed  by  the  fall  of  heavy  weights,  or  placed  between  the  buffers 
of  colliding  railroad  cars,  without  producing  an  explosion. — Ann.  die 
Gen,  Civ.  C. 
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Electric  Phenomenon.— E.  Lamaire  observed  the  following 
phenomenon  during  a  snow-storm :  The  wind  was  blowing  from  E.S.E., 
the  sky  being  very  cloudy  and  the  thermometer  standing  at  1°  below 
zero  (30'2°F.).  At  the  beginning  of  a  violent  squall  of  snow  little 
luminous  points  appeared  at  the  extremity-  of  each  of  the  iron  ribs  <;tf 
his  umbrella,  accompanied  by  a  rustling  similar  to  the  buzzing  of  an 
insect.  When  he  approached  his  ungloved  hand  to  one  of  these  points 
he  felt  a  slight  shock  in  the  first  two  fingers,  and  the  light  disappeared. 
The  experiment  was  repeated  many  times,  and  the  phenomenon  lasted 
four  or  five  minutes,  until  the  umbrella  was  covered  with  a  thin  coat 
of  snow. —  Compies  Rctuhis.  C 

Proposed  Circular  Canal  at  Milan.— Perhaps  no  city  of  Italy 
has  become  more  greatly  benefitted  by  national  independence  than 
Milan.  Among  the  schemes  of  jniblic  improvement  which  are  attract- 
ing attention  is  the  proposal  of  Francesco  Ajraghi  for  a  canal  around 
the  city.  The  estimated  expense  is  10,087,766  lire  (§2,017,553.00). 
Among  the  proposed  advantages  are:  1.  Increased  facilities  for  the 
distribution  and  storage  of  commercial  products.  2.  Completion  and 
extension  of  the  system  of  irrigation.  3.  A  motive  force  of  6281 
horse  power,  available  for  manufacturing.  4.  Increased  revenues  from 
locaf  imports  of  various  kinds,  from  rents  and  from  the  sale  of  city 
lands.  5.  A  better  and  more  abundant  supply  of  excellent  water  for 
household  use  and  for  ornamental  fountains.  6.  Improved  sanitary 
conditions,  expecially  in  the  suburbs. — II  Polifecnieo.  C. 

Calorific  Effect  of  Steam  Boilers. — Scheurer-Kestner  estimates 
the  loss  of  heat  from  the  fire  of  a  steam  boiler,  by  radiation  and  con- 
duction, at  25*5  per  cent.  Some  writers  say  40  per  cent.  As  the  loss 
has  never  been  directly  determined,  but  only  estimated  from  the  differ- 
ences between  other  data  which  were  imperfectly  ascertained,  these 
figures  are  very  problematical.  Ferdinand  Fischer  suggests  experi- 
ments with  combustibles  of  uniform  composition,  such  as  illuminating 
gas  or  petroleum,  for  determining  calorific  values  and  the  various  losses 
of  heat.  By  adding  the  quantity  of  gas  set  free  by  combustion  and  ele- 
vated temperature,  and  taking  account,  by  the  help  of  Linde's  form- 
ulas, of  the  specific  heat  which  varies  with  the  temperature,  it  would 
be  possible  to  reach  an  accurate  knowledge  of  the  amount  of  heat 
trasmitted  through  the  metal  to  the  water  of  the  V>oiler. — Ding/er's 
Journal.  C. 
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Franklin    Institute. 


Hall  of  the  Ixstitute,  March  17th,  1880. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.M.,  the  Presi- 
dent, Mr.  William  P.  Tathani  in  the  chair. 

There  were  present  128  members  and  44  visitors. 

The  minutes  of  the  last  meeting  were  read  and  ap])roved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  21  persons  were. elected  members  of  tiie  Institute  at 
their  last  meeting. 

The  following  donations  to  the  Library  arc  reported  by  the  Secre- 
tary : 

Report  npon  Forestry.     By  F.  B.  Hough.     Washington,  1878. 

From  the  Author. 

Report  of  a  Board  of  United  States  Naval  Engineers  on  the  Herre- 
shofif  Boiler. 
From  the  Bureau  of  Steam  Engineering,  X.  D.,  Washington,  1879. 

Scientific  Writings  of  James  Smithson.  Edited  by  W.  J.  Rhees. 
Washington,  1879. 

Smithsonian  Institution :  Journals  of  the  Board  of  Regents,  Reports 
of  Committees,  etc.  etc.    Edited  by  W.  J.  Rhees.     Washington,  1879. 

From  the  Editor. 

Germanischer  Lloyd.     Internationales  Register,  1880. 

From  L.  Westergaard  &  Co.,  Philadelphia. 

Railroad  Engineers'  Practice,  By  Thos.  M.  Cleeman.  New  York, 
1§80.  From  the  Author. 

Catalogue  of  Chambers  Bros.  &  Co.  Folding  Machines,  etc. 

From  C.  Chambers,  Jr. 

Geographical  Explorations  and  Surv^eys  West  of  lOOtli  Meridian. 
Topographical  Atlas,  1875.     -         From  the  Dept.  of  the  Interior. 

Charter  and  By-laws,  Report  and  Proceedings  of  the  Numismatic 
and  Antiquarian  Society  of  Philadelphia.     1865  to  1879. 

From  the  Society. 

Fourth  Annual  Report  of  the  Board  of  Trustees  of  the  Pennsyl- 
vania Museum  and  School  of  Industrial  Art.     1879. 

From  the  Museum. 

Methods  and  Results  Standards  of  Measure  of  the  United  States 
compared  with  those  of  Great  Britain  and  France.  Washington, 
1879.  From  the  U.  S.  C.  and  G.  Survey. 
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Catalogue  of  the  Library  of  the  United  States  Naval  OlDservatory. 
Washington.  Part  1.  Astronomy,  Bibliogaphy.  By  Prof.  E.  S. 
Hoklen.     1879.  From  the  Observatory. 

Report  on  the  Meteorology  of  Kerguelen  Island.  By  S.  J.  Perry. 
London,  1879.  From  the  Royal  Society. 

Annals  of  the  Astronomical  Observatorv  of  Harvard  College. 
Yol.  11.     Part  2.  "       From  the  College. 

Resultados  del  Observatorio  Nacional  Argentino  en  Cordoba.  B. 
A.  Gould,  Director.     Vol.  1,  1879,  and  Atlas. 

From  the  Observatory. 

Annual  Report  of  the  Light-house  Board  to  the  Secretary  of  the 
Treasury  for  the  year  ending  June  30,  1879. 

From  the  Light-house  Board. 

Annual  Report  of  Chief  of  the  Bureau  of  Statistics  on  the  Com- 
merce and  Navigation  of  the  United  States  for  the  year  ended  June 
30,  1877,  and  Part  1  of  Foreign  Commerce,  1878. 

Annual  Statements  of  the  Chief  of  the  Bureau  of  Statistics  on  the 
Commerce  and  Navig-ation  of  the  United  States  for  the  fiscal  year 
€nded  June  30,  1878.     Part  2.     Foreign  Commerce. 

Annual  Statements  of  the  Chief  of  the  Bureau  of  Statistics  on  the 
Commerce  and  Navigation  of  the  United  States  for  the  fiscal  year 
ended  June  30,  1879.     Foreign  Commerce. 

From  the  Treasury  Department,  Washington. 

United  States  Entomological  Commission.  Bulletin  No.  3.  The 
Cotton  AV^orm.     By  Charles  V.  Riley. 

Bulletin  of  the  United  States  Geological  and  Geographical  Survey 
of  the  Territories.     Yol.  5.     No.  3.     AVashington. 

From  the  Interior  Department. 

Report  of  the  Meteorological  Council  to  the  Royal  Society  for  the 
year  ending  31st  of  March,  1879.     London.         From  the  Society. 

Tenth  Annual  Report  of  the  Board  of  Directors  of  City  Trusts  for 
1879.  From  the  Board. 

The  Duty  on  Steel  Rails.  The  Case  for  the  Manufacturers,  at  a 
Hearing  before  the  AYays  and  Aleans  Committee  of  the  House  of 
Representatives.     AA'^ashington. 

Memoir  of  Henry  C.  Carey.     By  AYilliam  Elder. 

From  the  American  Iron  and  Steel  Association. 

Inter-Oceanic  Canal  Projects.  Discussion  before  the  American 
Society  of  Civil  Engineers.  From  the  Society. 

Publications  of  the  Cincinnati  Observatory.     No.  5. 

Micrometrical  Measurements  of  Double  Stars.     1878  to  1879. 

From  the  Observatory. 
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Official  Army  Register  for  January,  1880. 

From  the  Adjutant-General's  Office. 

Joint  Committee  of  the  Councils  of  the  City  of  Philadelphia  on' 
Commerce  and  Navigation,  etc.,  etc.  From  Council. 

Annual  lv.ei)ort  of  the  Commissioner  of  Agriculture  for  1878. 

From  William  G.  Le  Due,  Comrai.ssioner. 

Historical  Sketch  of  Henry's  Contribution  to  the  Electro-magnetic 
Telegraph.     By  William  B.  Taylor.     Washington. 

From  the  Autiior. 

Annual  Report  of  the  Chief  of  the  Bureau  of  Steam  Engineering; 
for  1879.     AYashington..  From  the  Bureau. 

Circulars  of  Information  of  the  Bureau  of  Education.  Xo.  5, 
1879.     Washington.  From  the  Bureau. 

Zweite   Abhandlung   liber    die  Wasserabnahme  in   den  Quellen,, 
Fru.ssen  und  Stromen,  etc.    Yon  Gustav  R.  Von  Wex.     Wien,  1879. 
From  the  Ostereich.  Ingen.  u.  Architekten  Verein. 

United  States  Northern  Boundary  Commission.  Declinations  of 
Fixed  Stars.     By  Lewis  Ross.  From  the  Dudley  Observatory. 

Report  on  the  Madras  Cyclone  of  May,  1877.  By  J.  Elliott. 
Calcutta,  1879. 

Report  on  the  Administration  of  the  Meteorological  Department  of 
the  Government  of  India  in  1877-78. 

Report  on  the  Meteorology  of  India  in  1877.     By  John  Elliot. 
From  the  Meteorological  Dep't  Gov't  of  India. 

Zur  Kentniss  der  Fauna  des  Untersten  Lias  in  den  Nordalpen. 
Von  Dr.  M.  Neumayer.  From  the  K.  K.  Geolog.  Reich't. 

Catalogues,  Circulars  and  Reports  of  the  Pennsylvania  State  Col- 
lege of  Agriculture.     1862  to  1879.  From  the  College. 

Mr.  Louis  H.  Spellier  read  the  paper  announced  for  the  evening,  on 
"  Electric  Time  Telegraphs."  ' 

The  Secretary  read  the  report  of  Prof.  Henry  Morton  on  the  Tests 
.  made  of  the  Electric  Light  at  the  Coney  Island  Pier  in  September 
last. 

It  was  stated,  in  explanation  of  the  purpose  of  this  examination, 
that  the  Brush  Company  had  agreed  to  give  light  of  2000  candle 
power,  each  with  22  horse-power,  the  small  machine  to  run  900  revo- 
lutions per  minute,  the  large  one  750  revolutions  per  minute.  They 
exceeded  this  speed  four  per  cent.  The  twelve  inch  carbons  used  cost 
fifteen  cents  each,  and  the  consumption  was  two  inches  per  hour  each. 
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Mr,  McKean  inquired  what  equivalent  light  in  gas  jets  per  horse- 
power was  furnished,  saying  that  so  many  "  candles  "  was  not  as  clear 
an  expression  as  to  volume  of  light  as  so  many  gas  jets,  with  the  power 
of  which  we  are  familiar. 

At  the  request  of  the  President,  Prof.  Rogers  explained  the  manner 
of  testing  lights  by  comparison  with  standard  candles,  and  mentioned 
a  new  means  of  testing  liglits  for  their  color  by  establishing  a  standard 
ef  incandescent  platinum  heated  by  a  battery  of  known  power. 

]Mr,  McKean  expressed  his  thanks  for  the  information  as  to  candle 
power,  but  again  repeated  his  question. 

The  President  stated  that  it  was  only  a  matter  of  calculation,  Thi- 
average  power  of  ihe  lights  Avas  said  to  be  500  candles.  There  were 
16  lights,  giving  an  aggregate  of  80,000  candles,  by  the  expenditure 
of  21 1  horse-power,  or  nearly  400  candles  per  horse-power.  From 
this  the  number  of  gas  jets  of  given  candle  power  could  be  calculated. 
He  called  attention  to  the  fact  that,  while  the  large  machine  mentioned 
In  Prof.  Morton's  letter  required  1*35  horse-j)o\ver  per  light,  the  smaller 
machine,  running  six  liglits  for  4:3  liorse-i)()\ver,  required  only  about 
*71  horse-power  per  light. 

Prof.  Marks  said  that  at  AVannamaker's  Depot  there  were  50  lights 
maintained  by  05  horse-power,  more  than  a  horse-power  for  eacli  light, 
and  almost  exactly  the  same  as  the  results  shown  by  the  larger  machine 
mentioned  in  Prof.  Morton's  letter.  He  said  that  at  Edison's  the  liglit 
of  only  about  25  or  30  candles,  he  believed,  was  obtained  per  horse- 
power. 

Prof.  Rogers  said  that  there  was  no  doubt  of  the  fact  that  the  econ- 
omy of  power  was  enormously  greater  in  the  voltaic  arc  .system  than 
in  the  incandescent  s\'stem  of  electric  lighting.  His  estimate  of  the 
amount  of  light  furnished  at  Edison's  laboratory  was  a  little  higher 
than  that  of  Prof.  JNIarks — about  40  candles  per  horse-power — while 
that  of  the  lamps  mentioned  in  Prof.  Morton's  letter  was  400  candles 
per  horse-power,  a  difference  of  ten  to  one  in  favor  of  the  voltaic  arc. 
Economy  cannot  be  obtained  by  the  incandescent  method. 

Mr.  Robert  Briggs,  taking  as  his  text  a  paper  on  L.  D'Auria's 
governor,  published  in  another  part  of  the  Journal,  described  the 
manner  in  which  it  operated,  and  repeated  and  endorsed  the  statements 
in  the  paper  as  to  the  governor  being  practically  frictionless  and  iso- 
chronous. 
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Prof,  William  1).  Marks,  of  the  University  of  Pennsylvania,  in 
(l('s('ril)in<;  a  governor  of  his  invention,  said  tliat  it  was  possible  to  pro- 
portion the  reeiprocating  parts  of  an  engine  so  as  to  get  very  little 
variation  on  the  crank  pin.  The  next  agent  employed  to  secure  steadi- 
ness is  the  fly-wheel,  which  will  prevent  a  change  of  more  than  a  cer- 
tain amount  during  a  stroke.  Then  the  engine  will  go  on  gaining  in 
speed,  unless  we  employ  a  governor  to  prevent  that.  He  did  not 
believe  there  was  such  a  thing  as  an  absolutely  isochronous  governor. 
The  cut-off  governor  so  regulates  the  valve  and  cuts  off  steam  in  the 
cylinder  that,  whatever  the  variations  of  pressure  and  load  may  be 
(within  limits),  the  engine  will  run  at  an  approximately  uniform  speed. 
The  throttling  governor  is  the  commonest  form  in  use.  With  it  there 
is  a  different  velocity  of  governor  with  every  change  of  pressure  or  of 
load.  With  every  change  of  speed  there  is  a  different  position  of  the 
governor  ball  and  a  different  position  of  the  valve.  The  governor 
changes  constantly,  always  running  a  little  faster  or  a  little  slower  than 
the  mean.  It  is  constantly  vibrating  on  either  side  of  the  mean,  and 
this  must  be  true  as  long  as  the  laws  of  centrifugal  force  exist.  The 
weight  of  the  balls  is  constant,  but  as  they  spread  outward  the  governor 
becomes  less  and  less  sensitive. 

In  my  governor  the  pendulum  spindle  is  in  two  sections.  The  lower 
one  is  capable  of  sliding  lengthw^ise  a  little  at  the  same  time  that  it 
turns  the  upper  one  and  screws  up  and  down  in  the  hub  of  its  driving 
wheel.  It  is  connected  to  the  wheel  by  a  spring,  which  operates  to 
make  the  wheel  overrun  the  spindle  or  the  spindle  overrun  the  wheel, 
according  to  whether  the  speed  of  the  engine  is  increased  or  slackened. 
By  this  means  the  valve  is  closed  or  opened  in  advance  of  any  change 
of  speed  in  the  pendulum.  The  sensitiveness  of  the  governor  depends 
upon  the  flexibility  of  the  spring,  its  power  to  move  the  valve  upon 
the  pitch  of  the  screws.  The  inertia  of  the  governor  balls  is  utilized 
to  move  the  valve  in  advance  of  any  change  in  the  governor's  speed, 
the  inertia  of  the  balls  tending  to  close  the  valve  when  the  engine 
attempts  to  increase  its  speed  and  the  momentum  of  the  balls  opening 
the  steam  valve  when  the  speed  is  decreased.  The  governor  balls 
maintain  a  uniform  speed,  to  which  the  engine  conforms  more  or  less 
closely  according  to  the  sensitiveness  of  the  spring.  Xo  engine  gov- 
ernor is  isochronous  in  the  scientific  sense  of  the  M'ord,  but  this  gov- 
ernor can  be  made  to  hold  the  engine  very  close  to  a  standard  speed 
and  with  little  loss  of  power. 
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Mr.  Briggs  said  tliat  the  Marks'  Governor  was  of  a  different  type 
from  the  D'Auria,  and  possessed  advantages  over  the  ordinary  throt- 
tling governor.  He  thought  that  a  first  class  engine  must  have  a  cut- 
off governor. 

Mr.  Nystrom  said  that  it  had  been  intimated  that  an  isochronous 
governor  could  not  be  made.  The  water  governor  is  practically  iso- 
chronous, and  he  did  not  see  why  it  could  not  be  adapted  to  steam 
engines.  The  resistance  of  the  air  employed  in  Prof.  Marks'  governor 
was  an  old  principle  and  had  been  heretofore  used. 

Prof.  ISIarks  said  that  he  held  the  view  that  a  governor  could  not 
be  made  absolutely  isochronous,  because  it  must  change  its  speed  before 
it  could  act.  This  is  due  to  the  fact  that  the  degree  of  opening  of  the 
steam  valve  is  directly  controlled  by  the  angle  to  which  the  governor 
balls  are  raised,  the  steam  valve  being  moved  only  by  a  change  of 
speed  resulting  from  a  change  in  the  angle  of  suspension  of  the  balls. 
A  higher  speed  is  necessary  to  reduce  the  supply  of  steam  to  meet  a 
reduction  of  work.  ' 

Mr.  Nystrom  said  he  admitted  that,  but  claimed  that  the  variation 
could  be  made  so  slight  as  to  make  the  governor  practically  isochronous. 

Mr.  Hugo  Bilgram  remarked  that,  in  engines  with  cut-off  gov- 
ernors, from  the  time  of  cut  off  to  the  same  period  of  the  next 
stroke,  the  governor  exercised  no  control,  and  that  if  during  that  inter- 
val of  time  the  load  was  decreased  the  speed  of  the  engine  would  be 
increased.  Within  the  period  of  about  one  revolution  the  governor  is 
powerless. 

The  President. — The  fly-wheel  takes  care  of  that. 

Mr.  Bilgram. — Yes,  the  fly-wheel  and  the  governor  are  comple- 
mentary and  work  together  for  that  jnu'pose.  This  closed  the  discus- 
sion, Prof.  Marks  answering  queries  as  to  his  governor  after  the  meet- 
ing, when  it  was  shown  in  operation  on  the  engine  belonging  to  the 
Institute. 

Mr.  S.  P.  Burdict  made  a  few  remarks  upon  a  large  eight-day 
lever  clock  he  exhibited,  altered  from  a  thirty-hour  one  originaHy 
made  by  the  late  Eli  Terry,  of  Connecticut. 

The  Secretary's  report  included  an  account  of  Weaver's  Metallic 
Envelopes  for  the  safe  transmission  of  articles  in  the  mails ;  Hall's 
Health  Syringe,  in  which  nothing  but  air  passes  through  the  bulb  and 
valves,  which,  pressing  upon  the  liquid  in  the  bottle,  forces  it   out 
through  a  tube  reaching  to  the  bottom  of  the  vessel ;  Butler's  Electra 
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tvj)('  Oniainciits,  mttde  from  giitta  [xirclia  moulds,  for  cibiuet  mikers' 
us(-' ;  Cnppuck's  Patent  Car  Coiipliiiii;,  iiii  ingenious  devicL!  onal)ling 
the  brakesman  to  couple  and  uncouple  car.s  without  endangering  his 
hands.  Short  papers  were  also  read  on  Watson's  invention  to  protect 
the  body  from  extreme  cold ;  Pneumatic  Clocks;  Uralinm  and  the 
prices  of  rare  metals ;  Cementing  metals  to  glass ;  Artificial  j)roduc- 
tion  of  the  Diamond ;  St.  Gothard  Tunnel ;  Photographic  Etching  on 
Copper,  and  the  Carpet  Trade  of  Philadeli)hia.  Attention  was  also 
called  to  a  fine  painting  of  the  Library  Room  of  the  Franklin  Insti- 
tute, on  exhibition,  the  work  of  Mr.  C.  C.  Cooper,  Jr.,  of  German  town. 

The  Secretary  announced  the  deaths  of  Mv.  Wni.  H.  Howard,  one 
<tf  our  early  members,  and  Mr.  John  Richards.  An  obituary  notice 
of  the  latter  was  read  from  Engineering. 

Mr.  Mitchell  moved  that  a  committee  be  appointed  to  prepare  suit- 
able re-;olutions  of  regret,  and  report  at  the  next  meeting,  which  was 
carried. 

The  President  named  the  following  standing  committees  for  the  year  : 

On  the  Library. — Chas.  Bullock,  Lewis  S.  Ware,  Dr.  Isaac  Norris, 
Jr.,  Rob't  Briggs,  Henry  Bower,  Henry  Pemberton,  John  H.  Cooper, 
J.  E.  MitcheirJos.  M.  Wilson,  Fred.  Graff. 

On  Minerals. — Dr.  F.  A.  Genth,  Theo.  D.  Rand,  Clarence  Benient, 
Persifor  Frazer,  Jr.,  Dr.  W.  H.  Wahl,  E.  J.  Houston,  Otto  Luthy, 

E.  F.  Moody,  Dr.  G.  A..  Koenig,  H.  Pemberton,  Jr. 

On  Modeh.—Q.  Chabot,  H.  L.  Butler,  Edward  Brown,  M.  L. 
Orum,  J.  Gadiring,  L.  L.  Cheney,  J.  J.  Weaver,  S.  Lloyd  Wiegand, 
A.  G.  Busby,  N.  H.  Edgerton. 

On  Arts  and  Manufactures. — J.  J.  Weaver,  George  V.  Cresson, 
Hector  Orr,  Coleman  Sailers,  Jr.,  W.  B.  Le  Van,'  Wni.  Helme,  J.  S. 
Bancroft,  Alfred  Mellor,  Cyrus- Chambers,  Jr.,  Geo.  Burnham. 

On  Ifeteorology. — Pliny  E.  Chase,  Hector  Orr,  Dr.  Isaac  Norris,  Jr., 
David  Brooks,  Jas.  A.  Kirkpatrick,  Alex.  Purves,  Dr.  W.  H.  Wahl, 

F.  M.  M.  Beale,  H.  CarviUe  Lewis. 

On  3feetings. — H.  Cartwright,  Washington  Jones,  L.  M.  Haupt, 
W.  L.  Dubois,  W.  H.  Thorn,  Cyrus  Chambers,  Jr.,  J.  J.  Weaver, 
Fred'k  Graff,  Addison  B.  Burk. 

On  motion,  the  Institute  adjourned. 

Isaac  Noeris,  M.  D.,  Secrctari/. 
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By  Chas.  H.  Haswell,  C.  E.,  M.  E. 

Member  American  Society  of  Civil  Engineei's. 


Stability. 

Sf(tfica/  Sfdbilift/  is  the  nioineiit  of  force  whicli  a  l)ody  in  flotation 
exerts  to  attain  its  normal  position  or  that  of  equilibrium,  it  having 
been  deflected  from  it,  and  it  is  e([ual  to  product  of  weight  of  fluid 
displaced  and  liorizontal  distances  between  the  two  centres  of  gravity 
of  body  and  of '  displacement,  or  it  is  product  of  weight  of  displace- 
ment, height  of  meta-centre  and  sine  of  angle  of  inclination. 

Dynamical  Stability  is  amount  of  mechanical  work  necessary  to 
deflect  a  body  in  flotation  from  its  normal  position  or  that  of  equilib- 
rium, and  it  is  is  equal  to  product  of  sum  of  vertical  distances  through 
Avhicli  centre  of  gravity  of  body  descends  and  centre  of  buoyancy  des- 
cends, in  moving  from  vertical  to  inclined  position  by  weight  of  body. 

TO    DETEinilXE    MEASURE    OF    STABILITY  OF    HULL    OF    A  YESSEL  OR 
OF    A    FLOATING    BODY. 

The  measure  of  stability  of  a  floating  body  depends  essentially  upon 
"Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixxix.)  21 
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liori/oiital  distance,  G  h,  of  meta-centre  of 
body  fi-oin  centre  of  gravity  of  the  body  ;  and 
'.  it  is  product  of  the  force  of  the  water,  or 
-^  resistance  to  displacement  of  it,  acting  upward , 
and  tlie  distance  of  G  6,  or  PxG  6.  If  dis- 
tance, c  M,  ir  represented  by  /■,  and  tlie  angle 
of  rolling,  (■  M  /•,  by  M°,  the  measure  of  stability  or  S  is  determined 
bv  P /',  sin.  M°=  S ;  and  this  is  therefore  greater,  the  greater  the 
weight  of  the  body,  the  greater  the  distiince  of  meta-cenfrc  from  centre 
of  gravity  of  the  body,  and  the  greater  the  angle  of  inclination  of  this 
or  of  (•  M  /•. 

Assume  figure  to  represent  transverse  section  of  hull  of  a  vessel,  G 
centre  of  gravity  of  hull,  w  I  water-line,  and  c  centre  of  buoyancy  or 
of  displacement  of  immersed  hull  in  position  of  equilibrium.  Conceive 
the  vessel  to  be  heeled  or  inclined  over,  so  that  e/ becomes  the  water- 
line,  and  b  centre  of  buoyancy  of  the  immersed  section  ;  produce  b  M, 
and  the  point  M  is  nieta-centrc^-  of  the  hull  of  the  vessel. 

Comparative  Stability  of  different  hulls  or  vessels  is  proportionate  to 
the  distance  of  G  M  for  same  angles  of  heeling,  or  of  distance  G  b. 
Oscillations  of  hull  of  a  vessel  may  be  resolved  into  a  rolling  about  its 
longitudinal  axis,  pitching  about  its  transverse  axis  and  vertical  pitch- 
ing, consisting  in  rising  and  sinking  below  and  above  position  of  equi- 
librium. 

If  transverse  section  of  hull  of  a  vessel  is  sueli  that,  when  vessel 
heels,  the  level  of  centre  of  gravity  is  not  altered,  then  its  rolling  Mill 
be  about  a  permanent  longitudinal  axis  traversing  its  centre  of  gravity, 
and  it  will  not  be  accompanied  by  any  vertical  oscillations  or  pitchings, 
and  the  moment  of  its  inertia  will  be  constant  while  it  rolls.  But  if, 
when  hull  heels,  the  level  of  its  centre  of  gravity  is  altered,  then  axis 
about  which  it  rolls  becomes  an-  instantaneous  one,  and  the  moment  of 

*  Tlie  transvei-se  mttn-centre  depends  upon  position  of  centre  of  buoyancv,  for  it  is 
that  point,  where  a  vertical  line  drawn  from  the  centre,  intei-sects  a  line  passing  tlirough 
the  centre  of  gravity  of  the  hull  of  the  vessel  perpendicular  to  plane  of  tlie  keel. 

The  point  of  meta-centre  may  be  the  same,  or  it  may  differ  slightly  for  different 
angles  of  heeling.  The  angle  of  direction  adopted  to  ascertain  the  position  of  the 
meta-crntrc  should  be  the  greatest  which,  under  ordinary  circumstances,  is  of  probable 
occurrence  ;  in  different  vessels  this  angle  ranges  from  20°  to  60°. 

If  inetd-rentre  is  above  the  centre  of  gravity,  the  equilibrium  is  Stable ;  if  it  coincides 
with  it,  tlie  equilibrium  is  Indifferent ;  and  if  it  is  l)elow  it,  the  e(|uilil>rium  is  Un- 
stable.- 
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its  inertia  will  varv  as  it   rolls  ;  and  rolling:,  must  then  necessarily  l)e 
accompanied  by  vertical  oscillations. 

Such  oscillations  tend  to  strain  a  vessel  and  her  spars,  and  it  is  desi- 
rable, therefore,  that  transverse  section  of  hull  should  be  such  that 
centre  of  its  gravity  should  not  alter  as  it  rolls,  a  condition  which  is 
always  secured  if  all  water-lines,  as  w  I  and  ef,  are  tangents  to  a  com- 
mon sphere  described  about  G ;  or,  in  other  words,  if  the  point  of  their 
intersections,  o,  with  the  vertical  plane  of  keel,  is  always  equidistant 
from  the  centre  of  gravity  of  the  hull. 

TO  COMPUTE   STATICAL   STABILITY. 

D  /  (•  M  sin.  M=  S,  D  represent inr/  displacement,  M  angle  of 
inclination,  and  S  stability. 

Illustration  1.  Assume  a  ship  weighing  HODO  tons  is  heeled  to 
an  angle  of  9°,  distance  c  J/=  3  feet, 

Sin.  9°  =  •15()4, 

Then  (3000  X  3  X  -1564  =  2815-2  foot-tons. 

Illustratiox  2.  Weight  of  a  floating  body  is  5515  pounds,  dis- 
tjuice  between  its  centre  of  gravity  and  meta-centre  is  11'32  feet,  and 
angle  J/=  20°. 

Sin.  J/= -.34202. 

Hence  5515  X  11*32  X '34202  =  21352-24  foot-pounds. 

TO    CO.MPUTE    elements    OF   STABILITY    OF    A    FLOATING    BODY. 

A'  C  S  1     •        ir 

—  a^  s, =  /•,  =  r/  and  sni.  JI  r  =c  . 

A  sin.  31  sin,  M 

A  representinfj  area  of  immersed  section;  A'  section  immersed  by 
careening  of  bodij,  ((sfo  I;  s  horizontal  distance  c  r,  beticeen  centres  of 
htioi/anct/ ;  a  horizontal  distance  between  centres  of  grar it i/  i  i,  of  areas 
immersed  and  emerged  bi/  careening  ;  g  distance  c  31,  between  centre  of 
buoyancy  or  of  water  displaced  a)id  meta-centre;  r  di.^tanee  G  31, 
between  centre  of  gravity  and  meta-centre ;  c  horizontal  distance  G  b, 
between  the  centre  of  gravity  and  of  line  of  displacement  of  it  when 
careened,  e  verticcd  distance  beticeen  centre  of  gravity  and  buoyancy, 
all  in  feet ;  and  31  angle  of  careening. 

XoTE. — When  centre  of  gravity  G,  is  below  that  of  displacement, 
<?,  then  f  is  -f ;  when  it  is  above  c  it  is  — ;  and  when  it  coincides  with 

c  it  is  0 ;  or  c  is  —  when  —  ■<  s  ;  and  a  body  will  roll  over  when  e 

sin.  31=  or  >  s. 
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The  assumed  elements  of  figure  illustrated  are  .1  =  86,  A'  =  21*5^ 
h  =  21*5  and  c  =  "o. 

The  deduced  arc  .s  =  o"7,  c  =  o'Hl,  (j  =  1()"82,  (i  =  14*9  and  /■  = 
11 '32,  h  representin(/  breadth  at  ivater-line  or  heam  in  feet  and  P  n-cif/lif, 
or  insp/aocment  in  j)oiukd><  or  ton.s. 

The  s  =  ^1^    X  14-S  =  :>7  i'wt,  r  =  J±1L-  =  11-P,2  feet,  r= 
86  •34202 

r  _  a,  o^  =  „  •^' '       =  l()-82  feet,  e  =  -34202  X  11'32  =  3-87  feet. 
•34202 


1 zh  e\  P,  sin.  J/=>S':  r/cos. 

10-7  to  13*  ^  ) 

•i)  Jl  =  d  , =  (/, I  —  —  .s- 1   =  ^z  '•  ;  I 

.    10-7  to  13  (11-93)^  sin.  JfVP         / 

l^!^J^e  sin.  JA  =  S';  and  P  (s  ±:  e~sin.  M)  =  S. 

d  representing  depth  of  centre  of  gravity  of  displacement  under  icater 
in  c(ji(ilibrium,  and  d'  the  depth  ivhen  out  of  eqnilihrinvi,  all  in  feet. 

Illustration. — Displacement  of  a  vessel  is  10,000,000  pounds; 
breadth  of  beam,  50  feet ;  area  of  immersed  section,  800  square  feet ; 
vertical  distance  from  centre  of  gravity  of  hull  up  to  centre  of  buoy- 
aiicy  or  displacement,  1^9  feet,  and  horizontal  distance  a  between  centres 
of  gravity  of  areas  immersed  and  emerged,  when  careened  to  an  angle 
of  9°  10"  =  33*4  feet,  the  immersed  area  being  50  square  feet. 

sin.  9°  10"  =  -1593 

50 
Then  s  =  ^—   X  33^4  =  2^0875  feet,  800  X  2-0875  =  50  X  33^4,. 
800 

2-39  ...   , 

/•  = =  lo  teet. 

-1593 

7= 5^^^ =  13-1  feet,  S=  ( — -\  +   r9   X  10,- 

■         ir93x800  '-  V11-93X800/ 

000,000  X  -1593  =  23,905,396  pounds,  and  r  =     J—   f'^^^^^^ 

^  •I  593    V 10000000 

—  20875]  =  1^9  feet. 

Ill'JSTRATIOX  2. — Assume  a  ship  having  a  displacement  of  5000 

*t'nit  for  the  section  ot  a  iiarallelogram  is  lO'T ;  of  a  semicircle,  12,  an«l  of  a  tri- 
anjile,  12-S. 
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tons  and  a  height  of  meta-centre  of  325  feet,  to  be  careened  to  0°  12' 
— wjiat  is  her  statical  stability? 

Sin.  6°  12'  =  -1079 

Then  5000  X  3-25  X  '1079  =  1753-37  foot  tons. 

Illultratiox  3. — Assume  a  weight,  W,  of  50  tons  to  be  placed 
upon  her  s-^par  deck,  having  a  common  centre  of  gravity  of  15  feet 
above  her  load-line. 


Then  5000  X  3*25  —  50  +  15  X  '1079  ^  1745-29  foot  tons. 

Illustration  4. — Assume  100  tons  of  water  ballast  to  be  admitted 
to  her  tanks  at  a  common  centre  of  gravity  of  15  feet  below  her  load- 
line. 


Then  5000  X  3.25  +  100X15  X  "1079  =  1915*22  foot  tons. 

Illustration  5. — Assnmeme  her  masts,  weighing  6  tons,  to  be  cut 

down  20  feet. 

r  ,         1 0  X  20  '^      . 

TJicn  - — X:^  =  ^  foot  =  fall  of  centre  of  gravitv  and  5000  X 

5000  50  " 


V  50/ 


X  -1079  =  1774-95  ton> 


TO  <  oMi'i'Ti-:   hi>i:.\ij;nts  of   i'oavkk,  etc.,  required  to  careen  a 

RODY    OR    VESSEL, 


Sin.  M  [h — n  sin.  M)  +  n  see.  M —  h  =  I 

b^  /  P  _ 

10-7  to  13  A  f  64-125  L  A  ~  '" 
ir//-  =  Pcand  Wl=  S. 
\V rejjrcnentiag  loeighi  ov  poicer  exerted  and  I  distance  at  which  wcif/ht 
or  power  acts  to  careen  body  taken  from  centre  of  gravity  of  displacement 
perpendicular  to  careening  force,  h  vertical  height  from  centre  of  gi-avity 
of  displacem,enl  to  centre  of  weight  or  poiver  to  careen  body  lohen  it  is  in 
equilibrium,  n  horizontal  distance  from  centre  of  vessel  to  centre  of  iveight 
or  power,  L  length  of  vessel  and  m  meta-centre  and  S  as  in  jjreceding 
ease,  all  in  feet. 

Illustration. — A  weight  is  placed  upon  deck  of  a  vessel  at  a 
mean  distance  of  3*87  feet  from  centre  line  of  hull  ;  height  at  which 
it  is  placed  is  11*32,  and  other  elements  as  in  first  case  given.  • 

Sec.  20°  =  -342 
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Then  A  =  11-32,  n  =  ;3-87  and  /  =  '342  (1-3  —  3-87  X  -342)  + 
3-87  X 1-0642  —  3-7  =  -342  X  10  +  4-12  —  3-7  =  3-84  feet. 

Assume  W^  5515. 

Then  5515  X  3*84  =  21187-lj  foot  pounds. 

Or  P  [iv  COS.  M-\-h  sin.  J/)  =  N,  w  representing  distance  of  v-eif/hf 
from  centre  of  vessel  and  h  height  of  m  above  tcater-line,  both  infect. 

Illustration. — If  a  Nxeight  of  30  tons  placed  at  20  feet  from 
centre  of  hull  or  deck,  10  feet  above  water-line,  careens  it  to  an  angle 
of  2°  9',  what  is  its  stability  ? 

COS.  2°  9'  =  -9993  —  sin.  2°  9'  =  -0375 

30  (20  X -9993+10  X -0375)  =  30  X  20-361  =  610-83  foot  tons. 

Statical  Surbwce  Stability. 

Moment  of  statical  surface  stability  at  any  angle  is  c  2  ,<  -D. 
Assuming  centre  of  gravity  of  vessel  coincided  with  c,  coefficient  of  a 
vessel's  stability  at  any  angle  of  heel  is  expressed  when  the  displace- 
ment is  multiplied  by  vertical  height  of  the  mcta-centre  for  the  given 
anffle  of  heel  above  centre  of  gravitv  or  D  X  c  31. 

Approximcdely.  Rule. ^Divide  moment  of  inertia  of  plane  of 
flotation  for  the  upright  position,  relatively  to  the  middle  line  by  vol- 
ume of  displacement ;  and  quotient  multiplied  by  sine  of  angle  of  heel 
will  give  result. 

Per  Foot  of  Lem/th  of  Vessel,  f  {B^  X  sin.  3f),  B  representimi  half 

breadth. 

Dynamical  Surface  Stability. 

Moment  of  dynamical  surface  stability  is  expressed  by  product  of 
M'eight  of  vessel  or  displacement  and  depression  of  centre  of  buoyancy 
during  the  inclination,  that  is  for  angle  31. 

TO    COMPUTE    dynamical   STABILITY    OF    A    VESSEL. 

Approximately.  Rule. — Multiply  displacement  by  height  of  ix^to- 
centre  above  centre  of  gravity  and  product  by  versed  sine  of  angle  of 
heel. 

Or  multiply  statical  stability  for  given  angle  by  tangent  of  one-half 
ancrle  of  heel. 
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TABLE  AND  DIAGRAM  FOR  DETERMINING  THE  DIA- 
METERS  OF   SPEED  CONES  AVHEN  CONNECTED 
BY  AX  OPEN  BELT  of  CONSTANT  LENGTH. 


By  J.  F.  Klein,  D.  E., 

Instructor  in  Dvnamical  Engineerinsj,  Sheffield  Scientific  School. 


The  difficulty  in  the  way  of"  a  short  and  accurate  sohition  of  this 
problem  is  the  complex  and  transcendental  nature  of  the  equation 
which  expresses  the  relation  between  the  diametei'S  of  any  belted  pair 
of  steps. 

The  equation  itself  is  et\sily  enough  obtained  from  Fig.  1  as  follows: 

^=^(l+^)^''(i~^)" -^"'""^i         (1) 

R  —  r  =  s  sin  B  (2) 

where  I  represents  the  half  Icngtli  of  the  belt. 

In  order  that  the  l)elt  may  have  equal  tension  on  eyery  })air  of  steps, 
it  must  be  of  constant  length,  consequently 

^  =  ^A  (1+ a)  +  >\  (^  -a)  -t-  -5 COS.  7>>,  =A^(^+  ^i) 

+  r(^-5)+^-cos.  7>'  (3) 

,,,  {R,  +  yj  ^+  {R,  -  >',)  A+  s  COS.  R,  =  R  (11 +  r) 

^{R~r)B-rSi:os.B  (4) 

which  last  equation  expresses  the  relation  l)etween  tlie  i-:idii  /i\  and  i\ 
<»f  any  pair  of  steps. 

The  data  for  determining  the  unknown  diameters  in  the  two  cases 
occurring  in  practice  are  as  follows  : 

Case  I.     Given  all   the  diameters  D,  Dj,  I).,  ^^'^^^  ^K  *^^^  *^^"^'  ^'^'^^t'  -^> 

one  diameter  d  on  cone  B  and  the  distance  n  between  the  axes. 
Case  II.     Given  the  diameter  D  and  d  of  one  belted  pair  of  ste]>s,  tlie 

ratios ^, -  and  — -  of  the  diameters  of  the  other  pairs  and  the  dis- 

f?i    ^2  ds 

tance  .s-  between  the  axes. 

If  we  now  follow  the  usual  method  and  reduce  equations  2  and  4 
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to  11  single  ecjuation  (xmtainiiig  Init  one  mikiiown  (|iuuitity,  hy  lucaiis 

of  the  data  given  either  in  Case  I    or  C-i»c  Jl,  \vc  will   get  for  hotli 

these  eases 

sin.  /i  +  a  B  sin.  Ji-\-h  eos.  B  =  r  (5) 

(I,  h  and  c  being  i'nnctions  of  known  (jnantitics.  My  developing  sin. 
B  and  eos.  B  aceording  to  the  ascending  powers  of  the  are  B, 

B^  B^ 

sin.  B  =  B  — + —  etc. 

1.2.3        1.2.3.4.5 

cos.  i)  =  1  —  -^  + —  etc. 

1.2      1.2.3.4 

and  substituting  in  equation  5  we  will  get  an  equation  that  will  con- 
tain powers  of  the  are  B  only,  and  which  may  be  solved  by  any  one 
of  the  well  knoMu  trial  methods.  A§  soon  as  B  is  found  its  sine  may 
be  substituted  in  equation  2,  and  the  required  diameter  obtained.  But 
calculations  by  trial  methods  are  tedious  processes,  even  when  all 
povv'Crs  higher  than  the  third  are  neglected,  consequently  graphical 
metiiods,  based  on  the  above  series,  have  been  devised  for  determining 
the  required  diameters,  but  these  are  only  applicable  within  <piite 
narrow  limits,  and  even  then  are  only  approximately  true. 

That  no  table  has  hitherto  been  calculated  for  determining  the 
diameters  of  speed  cones  is  probably  due  to  an  idea  that  the  above 
lal)orioiis  or  inaccurate  methods  Avere  the  only  possible  ones;  but  this 
is  not  the  case,  as  the  following  explanation  of  how  the  writer  obtained 
the  present  table  will  show: 

Combining  e(piations  1  and  2  we  get 

l={E  +  r)^  +  s  B  sin.  B  +  .s-  eos.  B  (6) 

which  is  easily  transformed  into 

i='L^J-{-B  sin.  5-f  cos.i/  (7) 

«      4     .s- 

and  this  again  into 

= —  -  (-^  '"^i"-  v^+t'os.  B)  (S) 

where — —    mav  be  regarded  as  the  sum  of  the  diameters  of  anv  belted 
8  ' 

pair,  and  — the  wdiole   length  of  belt  when  the  distance  between  the 

s 

axes  is  unity. 
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It  is  evident  that  there  can  be  ealeulated  from  equation  8  a  table  of 

values  of —  correspondino;  to  assumed  values  of  - — and- (jBsin,  i>* 

-r  eos.  B)  as  arguments,  provided  these  latter  are  kept  within  the 
limits  of  the  problem.  Now  an  inspection  of  Fig.  1  will  show  that 
these  limits  are  as  follows : 

For  the  angle  B  0°  and  90° 

"  sin.  B  0    and  1- 

For  "^  ( B  sin.  B  +  cos.  B)       1-273    and  2- 

jr 

aniil  corresponingly  for  ---  2    and  G'283 


2i 


1-273    and  4- 


Within   these  limits  we   have  considerable  range  in  our  choice  of 
values  for  the  arguments,  and   itiav  tiierefore  choose  them  so  that  tlie 

tabular  diflFerences  for  adjacent  values  of  ~  —  sliall  equal   some    con- 

~    s 

stant  number,  as  -100  or  '200,  for  this  will  not  only  facilitate  interpo- 
lation, but  will  greatly  reduce  the  number  of  terms  to  be  calculated 
from  the  fornuila.      In  calculating  the  accompanying  table,  therefore, 

the  successive  values  of  "  .^differ  bv  0-200,  and  those  of-  (B  sin.   I> 

-{-COS.  B)  in  sucli  a  manner  that =2 =2  sin.   B  was  suc- 

cessively  equal  to  0,  (J-l,  0-2,  etc.  The  next  step  was  to  substitute  in 
the  table  for   — ^   the  separate  values  — and-,   these  being    deter- 

mined  from  the  well  known  relations : 

jj  ^  D+d_^D—d  ^j  ^  I)^d__I)—d 

~~W  '  ~~S~  '       ~S~     IT 

and  then  write  for  "   —  and for  -  B  sin.  B-j^  cos.  B.     The 

table  was  then  conq)lcted. 

Now  although  the  length  of  belt  enters  into  the  computation  of  the 
table  and  has  been  placed  in  the  latter  as  an  argument,  it  need  not  be 
known  to  solve  either  Case  I  or  Case  II.  The  object  of  placing  it  in 
the  table  was  simply  to  indicate  the  series  of  belted  pairs  having  the 
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^iiiK-  leutrth  of  l»elr.  It  sliould  ;il.«»  he  remembered  that  tlie  j>rece«liiitr 
formula.-  take  no  account  of  thickness  <»f  Kelt,  consequently  b<»th  the 
iriven  and  require*]  diameters  must  be  reqarded  as  extending  to  the 
(•<ntre  uf  the  l>elt. 

We  i-aw   l>est  show  \\o\\  this  table  is  t<»  be  u.<e<l   bv  the  follnwin^: 
examples : 

K.raiiijtle  1. — Given  the  four  diameters,  4",  8",  14",  20"  on  cone  J, 
one  diameter,     —    —   14",  —  on  roue  ^. 
and  the  distiiuce  between  the  axes  wjual  to  40". 

Re<iuire<l  the  remaining:  diameters  of  the  steps  on  ccuie  B. 

The  triven  i>air  consistinij  of  equal  steijs,  we  have    _  ~*'   =  ZI 

40 

=  0,  and  must  therefore  look  along  the  first  horizontal  series  of  |)airs 

for  the  diameter  —  =  '350,  in   order  that  we  mav  find   the  column 

40 
corresponding  to  the  length  of  belt  ot)nnecting  these  particular  cones. 
The  quantity-  "SoO  evidently  lies  half  way  between  columns  o  and  4, 

and  corresponds  to  a  length  of  Ijelt  — = '^-^ —  =  3*lol.       As 

the  diif'erences  between  the  adjacent  values  of  columns  3  and  4  are 
everywhere  TOO,  we  can  get,  if  desired,  another  column  corresponding 
to  the  leugth  of  belt,  3T01,  by  simply  adding  'OoO  to  all  the  values 
in  column  3,  thus  getting  the  series  of  pairs 

•350         -399         -447         -493        .-037         -580 

•350         -299         -247         T93         T37         -080 

the  upj>er  and  lower  rows  corresjKjnding  respectively  to  the  larger  and 

-mailer  diameters  of  the  pairs.    To  get  the  other  member  of  the  belted 

jiair  to  which  the  4"  step  belongs  we  must  look  for  —  =  T10f>  along 

the  lower  row^  «tf  this  series.aud  will  find  that  the  next  lower  term  is 
•'•80,  and  then  inter|:>olating  we  obtain  for  the  ratio  of  the  require<l 
diameter  to  distance  of  the  axes 

•580— (TOO— •080)  —  =  'o6d 

Multiplying  this  ratio  ^565  by  40"  gives  22^6  for  the  required  diame- 
ter.    Proceeding  in  the  same  manner  for  the  next  step,  we  have,  since 

A  =  .•200. 
40 
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•493  —  (-200  —  -193)  i*"  =  -487 
54 

for  tlie  required  ratio.     "487  X40  ^  19*48,  the  required  partner  of  the 
8"  step. 

94 

InterpDlatiug  in  like  manner  for  the  20"  step,  1_=0'5  being  looketl 

for  however  in  tlie  upper  row  of  our  series,  we  get 

•193  —  (-500  —  -493)  ^  =  -184, 
V  ^44 

whicli,  niuhiplied  by  40,  gives  7"36  for  tJie  oompaniun  of  the  20"  step- 
The  belted  pairs  of  our  two  cones  are  therefore  as  follows  r 
4         8  14          20     on  cone  A, 

22|     \n       14  7f     "     "    B. 

The  next  example  gives  a  shorter  method  of  obtaining  the  re^juii-ecB 
diameters,  and  differs  from  the  preceding  problem  in  having  the  steps^ 
of  the  given  belted  ]iair  of  unequal,  instead  of  equal,  diameters. 

Exaiaple  2. — Given  the  diameters      6,     12,     18,     24     cm  cone  B^ 
diameter     32,      —      —     —      "     "     .4^ 
and  the  distance  betM'een  the  axes  =  50". 

Hequired  as  before  the  unknown  diameters  of  5. 

Here =  --^ =  "520  means  that  we  must   look  between  the 

50 

6th  and  7th  horizontal  series  of  pairs  for  —  =  -120,  in  order  that  we 

50 

may  find  the  column  corresponding  to  the  length  of  belt  on  thes<'  cones. 

Interpolatino;  Ijetween  the  lower  rows  we  find 

•120  —[-130  —  (-52  —  -50)  -^-1  =  -002 

L  looJ 

as  the  quantity  which  must  be  added   to  column  4  in  order  to-  (►btaiK 

the  tabular  series  corresponding  to  the  length  of  belt  in  the  j)resent 

case ;  this  series  obtained  we  could  proceed  as  in  first  example.     But 

we  can   also   obtain  the  required  results  without  finding  this  series,, 

12 
namely,  as  follows  :     Look  for  —  — -002  =  -238  in  column  4  and  find 

50 
the  corresponding  difference  of  the  diameters  of  this  belted  pair 

■S' 

in  t;;e  column  at  the  left  of  the  table  by  the  following  interpolation  : 
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■[hzrJh  =  ()-;j^^(-24:5— -238)  ^-^  =  •:'.Oii 

Multij)lyin<r  tlii.s  difference  by  50  and  adding  the  prodiiet  to  12  we  get, 
for  the  partner  of  the  latter,  .27^^^".    In  like  manner  the  fellow  of  the 

18"  step  niav  he  o])tained  hv  finding  the  difference  _? ?  corre«pon- 

.S' 

18 
■diiiir  to — '002  =  'oo8  of  cohinm  4. 


50 


^ ^2  ^  0-0-  (-400  — -358)  l^-  =  -082 

s  51 


then  luultiplying  this  difference  hy  50  and  adding  the  ])roduct  to  18, 
the  .sum  22|"  is  the  diameter  of  the  required  step.     For  the  partner 

of  24"  stejj  Ave  must  look  for  ~—  —  '002  =  '478  among  the  larger  meni- 

50 

bers  of  the  pairs  in  eoklnm  4.     Its  corre.s]ionding  difference  will  be 

^3— ^^3  ^ o-i -^(-478  —  -449 )  ^^^  =  -160 
•s  48 

The  product  of  this  difference  by  50  .mbiradcd  from  24"  gives  10  as 
the  diameter  of  the  required  .step. 

Tlie  belted  pairs  of  the  speed  cones  will  then  be  as  follows  : 
G  12  18  24 

32  Ti^         22|  16 

From  the  last  column  of  the  table  can  be  obtained,  if  desired,  the 
iirc  of  contact  of  belt  on  the  smaller  step ;  for  the  above  pairs  they  are 
as  follows : 

«  =  1.5(r^  162^  175=  17.° 

juid  from  the  top  of  the  table  we  get  for  the  length  of  belt 

50  (3-258  -   '—1-  X-Sh)  =  163" 
V  -100  /     ' 

Example  3. — Given  the  number  of  revolutions  of  speed  cone  A  = 
240,  and  the  distance  between  the  axes  =  40". 

Required  that  the  steps  be  so  chosen  that  the  cone  B  may  make 
100,  240,  400  and  580  revolutions  per  minute. 

If  we  assume  that  30  feet  per  second  would  be  a  suitable  maximum 
velocity  of  belt  on  the.se  .-^peed  cones,  and  that  D  is  the  diameter  of  the 
step  on  cone  ^4,  winch  transmits  580  revolutions  to  the  step  d  on  cone 
B.  we  will  get  from 

^X  3-14x2^0  =  30 
12  60 
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V  =  29"  nearly  and  d  =  —-X  29"=  12" 

580 

We  can  now  make  use  of  the  table,  first  finding,  as  in  the  previous 

examples,  the  column  corresponding  to  the  length  of  belt  connecting^ 

n     -.1     7      tt-        ^—'^         29—12         ,..-  111." 

J)  Mith  (I.     omce  = =  •42o,  we   muse   look    between 

N  40 

{•) 

the  5th  and  6th  horizontal  series  of  pairs  for  ~^  =  •  300,  and  will  theis 

40 

find  that  it  lies  in  a  series  obtained  bv  addino; 
•300 


:_r.287  — (-425  — -400)  ^1='02: 


to  the  values  of  column  5.  Along  the  series  of  pairs  thus  obtained  we 
must  now  look  for  the  parti(;ular  pair 

•597  +  -027  =  -624 

•397-^•027  =  •424 

whose  diameters  bear  to  eacli  other  a  ratio  most  nearlv  equal  to   — = 

400  5  T^,.  .  ,  ,.  ^,  .  ,  ,  •  -624  , , 
=  -.     It  to  the  luimerator  ot  tins  next  lower  ratio we    add 

240       3  -424 

the  proper  fraction  of  the  tabular  ditference  between  the  larger  diame- 
ters and  subtract  from  the  denominator  the  same  fraction  of  the  tabu- 
lar difterence  between  the  smaller  diameters,  the  resultant  ratio  will 
equal  the  required  one,  or  if  .v  represents  the  aforesaid  proper  fraction 

we  must  have 

J),  ^  •624^.rX-046  ^  5 

^~-424— .rX-054       3 

We  have  now  only  to  solve  this  equation  of  tne  first  degree  witli 

respect  to  .r  and  then  substitute  .v  in  the  fraction  constituting  its  fii'st 

member,  in  order  to  find  that  in  the  numerator  we  have  the  larger  and 

in  the  denominator  the  smaller  member  of  the  required  pair,     x  is- 

here  ec.ual  to  0-61,  consequentlv   _i  =  ^^-and  i>'i=-652X 40=26-08 
^  <l,       -391 

aiKW?i=-38l /:40=1564. 

Ill  like  manner  we  can  first  find  x  and  then  D^  and  d^  from 

c?3   ^  240  ^  •687  +  -027+.i-X-043 

^3  ~  loo         •287+-027— .1-  X  '057 

X  being  here  equal  to  0*22. 

1!a  =  1^  rL=-723 X 40=28-92  and  X»3='301X40=12'04: 

i>5         -301  ' 
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Since    1  -  =  :^_  =  1,  we  easily  fiiul  I).,  =  d.,  =  (500  + '027) 
240  '  -         -       V 


]),         240 

'(I 
40  =  21-08. 

Tlie  required  ])airs  are,  therefore,  as  follows : 

12-04         21 -OS         2G-08         29  on  cone  A 

28-92         21-08         15-64         12  "        P. 

The  blank  spaees  of  the  table  represent  impossible  eases,    it  should 


also,  be  noticed  that  for  differences 


D—d 


<^-2,  the  sum  of  the  diam- 


eter.s,  is  nearly  constant ;  consequently,  if  the  greatest  difference 
between  the  companion  steps  of  a  pair  of  cones  does  not  exceed  0"2  .5, 
we  may  calculate  the  diameter  of  these  cones  as  if  they  were  connected 
by  a  crossed  belt,  that  is,  as  if  the  sum  of  the  diameters  was  constant. 

Besides  the  foregoing  table,  the  writer  has  also  calculated  another, 
in  which  the  ratio  of  one  of  the  diameters  of  a  belted  pair  to  the  dis- 
tance between  the  axes  is  assumed,  and  its  partner  colcnlated  for  differ- 
ent lengths  of  belt,  the  assumed  diameters  forming  an  arithmetical 
series,  whose  firet  term  is  '05  and  whose  difference  is  also  '05.  This 
last  table,  though  apparently  simpler  than  the  one  here  given,  is  not 
so  convenient  for  interpolation. 

For  those  who  do  not  interpolate  readily  we  have  added  the  dia- 
gram explained  below. 

Fig-.  1. 
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Of  all  the  graphical  methods  which  have  been  devised  for  solving 
the  speed  cone  problem,  that  of  Prof.  Culmann  is  the  only  one  which 
is  exact ;  it  is,  moreover,  the  only  one  which  possesses  the  time-saving- 
property  of  needing  to  be  constructed  but  once  in  order  to  be  applica- 
ble to  every  speed  cone  problem  which  may  arise  in  practice.  The 
•only  objection  to  be  made  to  Culmann's  diagram  i>,  that  though  ea^y 
of  application,  and  not  difficult  to  understand,  it  nevertheless  requires 
considerable  time  and  care  for  its  accurate  construction.  The  writer 
has  sought  to  remove  this  objection  to  the  diagram  by  calculating  the 
ordinates  of  the  curve  forming  its  essential  feature. 

Reversing  the  usual  methods  of  presenting  these  subjects,  we  will 
first  show  how  this  curve  is  to  be  used  in  solving  speed  cone  problems, 
then  how  the  ordinates  may  be  calculated,  and  finally  will  ex])lain 
<C'ullinann's  method  of  constructino-  the  curve. 


Fiff.  2. 


B 

E 
L 
F 


In  Fig.  2  each  one  of  the  vertical  cliords,  as  o/,  represents  the  dif- 
ference between  the  diameters  of  some  belted  pair  of  steps,  the  great- 
est possible  vertical  chord,  BC\  being  equal  to  2,s-,  or  twice  the  distance 
between  the  axes.  Both  the  given  and  required  diameters  are  esti- 
mated from  some  horizantal  line,  as  vF,  which  we  call  the  datum  line. 
The  diiferent  positions  of  the  datum  line  correspond  to  different  lengths 
of  belt. 

Now  suppose  we  had  given  all  the  diameters  of  cone  A,  one  diam- 
eter of  cone  B,  and  the  distance  2  .s'  between  the  axes. 
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If  we  now  take  JiC,  Fig.  2,  as  the  liiieiir  representative  of  'Is,  and 

to  the  same  scale  \:,  ji  OS,  RR  aiul  N(^  as   the   linear  ef[nivalents  id' 

the  given  diameters,  we  ean  fuid  the  recjnii'cd  i)iirtners  of  0>S',  lU'  and 
NU  by  the  following  process.  We  first  find  (by  trial)  that  vertical 
('h«»rd  mp  of  the  enrve  BkC,  which  is  equal  to  the  difference  3fT — FT 
(tf  the  diameters  of  the  given  })air;  from  tlie  lower  end  of  the  cliord 
thus  found  we  then  lay  oti' pt,  equal  to  the  smaller  diameter  PTof  the 
given  pair,  and  through  t  draw  the  horizontal  or  datum  line  HF.  To 
find  the  companion  of  OS  we  have  simply  to  find  the  j)oint  o  on  the 
ciu've  BkC,  whose  distance  os  from  the  datum  line  rtF  is  equal  to  OS; 
then,  drawing  a  vertical  line  through  o,  we  will  have  in  Is  the  required 

diameter  to  the  scale  — —.      Form   the   companion   step  to  KR   we 
2  s 

obtain  its  e(|ual,  /.•/•,  the  difference  between  the  members  of  the  belted 

pair  being  in  this  case  equal   to  zero.      For  the  })artner  of  NU  we 

obtain  nu. 

If,  as  in  Example  o,  we  had  given  one  pair  of  diameters,  and  the 

ratios    -,    ~,    of  the   remaining  pairs,  we  would,  as   in  the  previous 

example,  first  find  that  vertical  chord  of  the  curve  B/cC  which  is 
equal  to  the  difference  of  the  given  diameters,  and,  as  before,  lay  off 
the  smaller  diameter  to  obtain  the  datum  line  from  which  diameters 
are  estimated.  When  the  datum  line  has  been  located,  we  can  easily 
find  the  diameters  having  the  required  ratios,  either  by  trial  or  as  fol- 
lows: Draw,  Fig.  3,  any  convenient  angle,  KOF ;  then  bisect  any 

ad  '^ 

vertical  line,  (id,  included  in  it,  at  b,  also  J)d  at  e  ;  then  will  __  =    _ 

bd  1 

and  =     ,  and  any  line  parallel  to  ad  will  be  divided  in  the  same 

cd         V  ' 

proportion  by  the  rays  ()F,  ON,  OJ/and  OK.     Now,  if  Fig.  ;5  had 

been  drawn  on  some  such  transparent  material  as  tracing  cloth,  the 

line  OjP  might  be  placed  upon  and  moved  along  the  datnm  line /-i-'^ 

Fig.  2,  till  the  respective  intersections  of  the  rays  Oiv'and  OM,  with 

the  upper  and  lower  branches  of  the  curve  BkC,  were  in   the  same 

vertical  line,  as  at  wa.  Fig.  2  ;  then  would  wv  and  av  be  the  diameters 


wv 


o 


having  the  required  ratio    il^  =  1.     Moving  OF  of  Fig.  3  still  fur- 

a  (•         1 
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ther  along  the  datum  line  rF  of  Fig.  2,  we  would  obtain  in  like  man- 
ner the  diameters  cd  and  ed  with  the  reouired  ratio  £i  =  _. 

ed         1 

^i?-  ^-  As  the  sum  of  the  radii  of  the  steps  cannot  be 

Jl  greater  than  the  distance  between  the  axes,  there  is 
evidently  a  limit  to  the  size  of  the  steps  for  every 
given  difference  of  diameters;  these  limits  taken 
together  form  another  curve,  CDA,  Fig.  2.  The 
vertical  lines  qf  and  nf  included  between  this 
curve  and  the  two  branches  of  BkC  are  the  maxi- 
mum diameters  for  the  given  difference  nq,  for  qf 
=  nf=BC=2.H. 

It  follows  from  this,  that  only  from  tliat  portion 
of  the  datum  line  D^  which  falls  above  the  limit- 
ing curve  CDA  can  diameters  be  estimated.  But  even  the  portion 
X'ii' cannot  be  Avholly  thiis  used,  for  there  is  still  another  very  evident 
conditirtn,  namely,  that  the  diameters  can  never  be  less  than  zero, 
consequently  it  is  only  from  the  portion  /A/ of  the  datum  line  IH  that 
diameters  can  be  estimated. 

Fig  4. 
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We  have  given  in  Fig.  4  the  ordinates  of  the  upper  and  lower 
branches  of  the  curve  BkC  shown  in  Fig.  2.  The  ordinates  were 
•chosen^  so  that  the  chords  or  differences  of  diameter  should  form  an 
^HOLE  Xo.  Vol.  CIX.— (Therd  Series,  Vol.  Ixxii.)  22 
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arithiiietkrul  series  whose  first  term  was  0  and  differenoe  O'l.  These- 
ordiiiates  were  made  equidistant  on  Fijr.  4  as  a  matter  of  convenience^ 
onlv,  for  the  diagram  gives  correct  results  even  wiien  the  increments 
of  tlie  abscissas  are  not  constant,  the  reason  of  this  Ix-ing  that,  since 
l)oth  data  and  results  are  vertical  quantities,  any  amount  of  lioi-izontal 
distortion  is  permissible  which  allows  the  chords  to  remain  vertical. 

We  will  now  explain  how  the  ordinates  of  Fig.  4  were  calculated. 
Equation  4  was  first  transformed  into 


2  cos.  B 


■)]  <«) 


when     -  is  the  given   difference  nip,  Fig.  2,  and    -    the    given 

,s  e 

smaller  diameter  j^^,  determining  the  datum  line  rF,  and  as  -i —  is 

anv  other   difference  of  diameters  lo,  — ^ must  represent  such  lines 

s 

o(j  or  \g,  or  the  distance  of  the  curve  BhC  from  the  line  fjL,  drawn 

through  the  foot  of  the  vertical  chord  mp.     By  taking ^     o^ 

s 

the  horizontal  line  (jL  changes  into  hE,  and  Eqnation  9  simplifies  to 
^i  =  1  [2(l-cos.iJ,)-  ^   (^+5,)]         (10) 

-JlZ_  now  representing  the  ordinates  of  the  curve  measured  from  hE, 

S- 

Assuming    — ^ 1  or    -^ i  successively  equal  to  0"1,  0"2,  0*3^ 

"  s  s 

etc.,  we  have 

Sin.  i?j  =       — I li  successively  equal  to  0*05,  O'lO,  0"15,  etc. 

and  from  tables  of  sines,  cosines  and  arcs  we  can  get  the  correspond- 
ing values  of  cos.  B^  and  B^.     These  substituted  in  Equation  10  n\  ill 

completely  determine  the  required  ordinates  — ^- of  the  curve  £Z;C. 

s 

The  ordinates  of  the  curve  ADC,  Figs.  2  and  4,  are  are  now  also 
easilv  obtained  from 
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i,=E'C^-{FJq^qf)=V?m-    P-i=l^    +    (]_^Vll:^J    (11) 

We  have  thus  far  only  stated  the  essential  features  of  Culniann's 
diagram,  without  attempting  to  prove  them,  and  will  now  seek  to 
make  this  omission  good  by  shoAving  that  the  diagram  can  be  obtained 
by  finding  the  linear  equivalents  of  the  following  equations. 


R=  i  —  '-  (B  sin.  B  +  cos.  B)   +  i  sin.  B 

-  TC  2 


I 


1  (B  sin.  B  +  cos.  B)  —  -  sin  B 


(12) 
(13) 


obtained  by  comljining  Equations  1  and  2. 


0  g^f        a^     Oj      l)j 


Fig.  5  is  taken  from  Keuleaux's  Constructionslehre,  page  610,  where 
a  very  clear  explanation  of  the  diagram  is  given.  It  is,  briefly,  as  fol- 
lows :  With  a  radius  OA  =  s  (the  distance  apart  of  the  axes)  describe 
tlie  quadrant  Oj  A ;  then  construct  its  involute,  0^  B,  and  let  fall 
from  B  the  perpendicular  BC  on  to  00^  produced ;  then  will  AB  = 


S7Z 


()C\=  —  for<^OOi 
2 

have 


90= 


BC 


Since  BC  :  AB  ::  s 


s~ 


we 


AB 


AB 


A  B 


Bisecting  5 Cat  D,  we  have  BD  =  _—  and  BD=D,  €',= 

71  K 
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Now,  if  wo  choose  AB^  =  /,  we  shall  have  for  the  linear  equivalent 
of  the  first  term   -    —  5,  />>,  =  I)^  C\. 

X(tw  let  a  radius,  Oa,  make  with  OO,  any  anyle,  B,  le.s.s  than  90°, 
anil  drop  the  perpendicular  adi  from  <i ;  then  will  0«,  =  Oa  cos.  B 
=  .s'  cos.  5.  Now  draw  a  tangent  to  the  quadrant  at  a  ,•  it  will  cut 
thr  involute  at  6,  and  its  length  ab  =  aOi  =  sB.  Since  <  «i,  ab 
=  B,  we  have 

be  =  «j  ^1  =  «6  sin.  B  =  sB  sin.  jB, 
and  therefore  b^  0  =  [b^  a^  +  a^  O)  =  6-  {B  sin.  J5  +  cos.  B). 

l^-olonging  b^b  till  it  intersects  AB  at  6,  we  have  again,  as  above, 

<lb,  =  db,  =  —1  =  -}-—  =  t  {B  sin.  B  +  cos.  B 

or  (Ib^^  =  db.y  are  each  of  them  the    linear   equivalents  of  the  second 
term  of  the  above  equations. 

There  remains  now  onlv  the  third  or  last  term,  1  sin.  B,  which   is 

2 

added   in  the  first  equation,  but  subtracted  in  the  second.     Its  linear 
equivalent  is  easily  found   by  describing   with   radius    Of  =  '-    the 

quadrant  fj\  and  from  the  intersection  g  of  the  latter  with  the  radius 
Oa  dropping  a  perpendicular,  gg,  on  to  00^;  then  w'lW  gg^Og  svw.  B 

=  -  sin.  B.     The  eqtiivalents  of  the  separate  terms  having  been 

ascertained,  we  have  now  only  to  conil)ine  them.     For  this  purpose 
we  draw  AF  parallel  to  B^  A,  cutting  b^  b^  at  h  ;  then,  since  h  6,^  = 

Z>]  B^  =  ^  we  will  have 

dh  —  hb,  —  db,  =  L  ~  t  {B  sin.  B  +  cos.  B) 

for  the  CO ml)i nation  of  the  first  and  second  terms. 

Xow,  making  di  =  dij^  =  gg  =  ^  sin.  B,  we  will  have 

E  =  hi,  =  dh  -r.  (//,  =  i  ~  -  {B  sin.  B  -f  cos.  B)   +  -  sin.  B 

r  =  hi  =  dh  —  di  =  i  —  i  {B  sin.  B  +  cos.  B)  —  '^   sin.  B 
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tor  a  particular  value  of  the  angle  B.  Other  angles  of  B  will  give 
(liiferent  values  for  the  radii  B  and  r  ;  for  example,  if  we  retain  the 
same  length,  /,  the  same  angle,  0^  Os  =  B^,  ayIII  give  for  the  larger 
diameter  i^j  =  mq,  and  for  the  smaller  diameter  r-^  =  inq.  Connect- 
ing the  points  i,  i^,  q,  q,  etc.,  we  obtain  a  curve,  BkC,  which  needs  to 
he  constructed  but  once,  for  it  will  not  vary  with  I,  because  di=  di^ 

=  '-  sin.  B  are  independent  of  I. 

Since  the  radii  B,  r,  B^  and  r^  are  eoustructed  to  the  same  scale  as 

the  distance  ^C'=  s  between  the  axes,  it  is  evident  that  the  ratios 

t»    J,    p     ... 

— ,  -,  —^,  — i,  etc.,  ol^tainable  from  this  diagram  are  applicable  to  all 

K     s      s      s 

distances  apart  of  the  axes.  The  curve  BkC,  as  given  in  Fig.  5,  is 
not,  however,  of  convenient  shape  for  practical  use ;  it  may,  therefore, 
1)6  distorted  horizontally,  in  such  a  way  that  the  vertical  chords  remain 
vertical,  which  is  easily  done  by  transferring  the  vertical  chords  of 
Fig.  5  to  a  new  diagram  in  which  the  clrords  near  the  vortex  k  are 
much  farther  apart  than  in  the  original  figure.  Figs.  2  and  4  Avere 
not,  however,  obtained  by  first  constructing  Fig.  5  and  then  construct- 
ing from  it  the  horizontally  distorted  figure,  but  the  ordinates  of  the 
curve  were  obtained,  as  stated  above,  by  calculati<:>n,  thus  avoiding  tlie 
errors  to  which  all  graphical  methods  are  liable. 

A  curve  like  that  given  in  Fig.  4  may  easily  be  constructed  from 
the  calculated  ordinates,  particularly  if  it  is  placed  upon  finely  lined 
section  paper ;  and  if  the  curve  be  constructed  on  such  a  scale  tliat  the 
greatest  chord  BO  =  20  inches,  the  results  obtainable  from  it  will  be 
safficiently  accurate  for  all  the  cases  that  arise  in  practice. 


French  and  American  Patents.  —  Laboulaye  considers  the 
French  people  as  dupes  of  the  great  name  of  Liberty,  and  recommends 
to  the  consideration  of  French  inventors  the  example  of  America.  He 
says  that  ''all  nations  which  do  not  understand  and  adopt  the  Ameri- 
can laws  are  destined  to  see  their  industry  declining  before  that  of 
America."  The  multitude  of  detailed  inventions  which  have  been 
accumulated  in  that  country,  and  which  are  daily  continuing  to  accu- 
mulate, in  the  way  of  sewing  machines,  reapers,  fire-arms,  etc.,  fur- 
nishes sufficient  demonstration  of  the  truth  of  this  statement. — Soc. 
d^ Encour.  2wur  I'Ind.  Nat.  C. 
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EXPERIMENTS  WITH   THE   STlvVM-CUTTER   OF   THE 
UNITED  STATES  STEAMSHIP  '^  PENSACOLA." 


By  Chief  Engineer  IsHKitwooD,  U.  S.  Xuvv 


Tiie  experiments  described  in  thi.s  article  were  made  with  the  steam- 
cutter  of  the  United  States  steamship  Pensaoola  by  the  writer  during 
the  time  lie  was  Chief  Engineer  of  the  Mare  Ishind  Navy  Yard,  Cali- 
fornia. 

The  principal  object  of  the  experiments  was  to  ascertain  the  law  of 
the  variation  of  the  resistance  of  the  hull  in  function  of  its  speed  ;  inci- 
dental to  which  there  was  obtained  the  maximum  power  which  the 
machinerv  could  develop,  and  the  corresponding  sj)eed  of  the  vessel. 

Before  proceeding  to  the  experimental  data  and  to  the  analysis  of 
their  results  in  the  cases  of  the  different  experimental  speeds,  there 
must  be  given  the  dimensions,  proportions,  etc.,  of  the  hull  and  of  its 
machinery,  and  a  description  of  the  manner  in  which  the  data  were 
obtained  and  the  results  deduced. 

The  cutter  was  an  open  boat  (Constructed  at  the  Mare  Island  Navy 
Yard  of  wood,  and  sheathed  with  copper. 

Hull. 

Extreme  length,        ...  38  feet  1  inch. 

-Length  from  forward  edge  of  rabbet  of  stem 
to  after  side  of  sternpost,  on  load  water- 
line,  ....  35  feet. 

Extreme  breadth  on  load  water-line,  8  feet  11  inches. 

Depth  from  lower  edge  of  rabbet  of  keel  to 

top  of  gunwale  at  middle  of  length,  4  feet  3i-  inches. 

-rx      ,    ,.        ^  1        c     M   ^    pf  Forward,    1-600  feet. 

Depth  from  lower  edge  ot  rabbet  otj  .^  „ 

keel  to  load  water-hue,  i  x-.  o --/->  ^   ^ 

I  Att,  2-toO  feet. 

T.      1      /■  1     1  I    1       i.1     1  1      ( Forward,   0*400  foot, 

I)epth  of  keel  below  the  lower  edge  I  ,..  ^  r^-fr  /•    . 

^  .  „.         ,,  <  Mean,         0-5 < 5  foot. 

of  its  rabbet,  a  r^  a -^n  i-    ^ 

I  Aft,  0-v50  foot. 

r  Forward,  2  feet. 

Draught  of  water  to  load  water-line,-/  ]Mean,        2  feet  9  inches. 

i  Aft,  3  feet  6  inches. 
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Area  of  g-reatest  immersed  transverse  section 

to  load  Avater-line,  .  .  12-53  sqnare  feet. 

Area  of  load  water-line,      •  •  *     207*62  square  feet. 

Area  of  the  immersed  external  surface  of  the 

hull  to  load  water-line,     .  .  332'8o  square  feet. 

Displacement  to  load  water-line,     .  .       269*00  cubic  feet. 

Displacement  to  load  water-line,  *  7*700  tons. 

Displacement  per  inch  of  draught  at  load 

water-line,      ....  0*4953  ton. 

llatio  of  the  area  of  the  greatest  immersed 
transverse  section  to  the  area  of  the  cir- 
circumscribing  parallelogram,       .  0*6461. 

Ratio  of  the  area  of  the  load  water-line  to 
the  area  of  the  circumscribing  parallelo- 
gram, ....  0*6653 

Katio  of  tiie  displacement  to  the  circumscrib- 
ing parallelopipedon,         .  .  0*3963 

Ratio  of  the  length  to  the  breadth  on  tlie  load 

water-line,       ....  3*9252 

Angle  of  dead-rise  at  the  greatest  immersed 

transverse  section,  .  .  22J  degrees. 

AVeight  of  the  hull  and  its  fittings,  .  6,270  pounds. 

EXGIXES. 

There  are  two  vertical,  direct-acting,  non-condensing  engines,  one 
placed  immediately  behind  the  other,  with  the  axes  of  the  cylinders  in 
the  same  vertical  plane  with  the  axis  of  the  shaft.  Each  cylinder  has 
a  three-ported  slide  valve,  unbalanced,  and  worked  direct  from  the 
shaft  by  means  of  an  eccentric  and  its  rod.  The  valve  of  the  forward 
■cylinder  is  upon  its  after  side,  and  of  the  after  cylinder,  upon  its  for- 
ward side.  The  starting  and  reversing  are  effected  bv  turnino;  the 
•eccentrics  to  stops  upon  the  shaft,  by  means  of  a  mitre-gear  and  hand- 
wheel  at  the  centre  of  the  engines.  Both  cylinders  are  bolted  to  a 
horizontal  flat  plate  of  cast  iron  that  forms  their  bottoms  and  is  sup- 
ported upon  four  cast  iron  standards  which  are  bolted  in  turn  to  a  bed- 
plate secured  to  the  hull — two  standards  at  each  end  of  the  bed-plate. 
The  inner  sides  of  each  pair  of  standards  are  formed  into  guides  for 
the  crosshead.  There  are  but  two  main  pillow-blocks,  and  they  are 
bolted  to,  and  supported  upon,  the  bed-plate.     The  forward  crank-pin 
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is  overluing.  There  is  one  plunger  feed-pump,  vertical,  at  the  for- 
ward end  of  the  bed-plate  and  ,sui)ported  u})on  it.  Tliis  pump  is 
worked  direct  from  a  pin  in  the  crossliead  of  tlie  forward  engine.  The 
distance  between  the  axes  of  the  cylinders  is  22  inches.  The  cylinders^ 
and  their  valve-chests  are  without  covering  of  any  kind.  The  eccen- 
trics are  between  the  engines,  and  each  one  is  directly  below  the  valve- 
stem  to  which  its  rod  is  attached.  The  exhaust  steam  is  delivered  into 
the  chimney  of  the  boiler  and  forms  an  artificial  drauglit.  There  is  a 
heater  for  the  feed- water  which  is  heated  by  the  exhaust  steam  to 
about  75  degrees  Fahrenheit  above  the  temperature  of  the  sea-water 
whence  it  is  taken. 

The  following  are  the  principal  dimensions  : 
Number  of  cylinders,  ...  2" 

Diameter  of  cylinders,  ...  6  inches. 

Diameter  of  piston-rods,    .  .  .  1|  inches. 

Stroke  of  pistons,         ....  6  inches. 

Area  of  both  pistons,  exclusive  of  area  of  piston- 


rods. 


55.554  square  inches. 
0-1919  cubic  foot. 

^  inch 

4  inches. 
2*5  square  inches. 

f  inch. 

4  inches. 
3*5  square  inches. 


Space  displacement  of  both  pistons  per  stroke. 

Breadth  of  steam -port. 

Length  of  steam-port. 

Area  of  steam-port,      .... 

Breadth  of  exhaust-port,    . 

Length  of  exhaust-port, 

Area  of  exhaust-port, 

Diameter  of  connecting-rods  in  necks, 

L2nurth  of  connectino:-rods  between  centres, 

Diameter  of  crossliead  journal, 

Length  of  crossliead  journal. 

Diameter  of  craukpin  journal  of.after  engine, 

Length  of  crankpin  journal  of  after  engine. 

Diameter  of  crankpin  journal  of  forward  engine, 

Length  of  craukpin  journal  of  forward  engine, 

Diameter  of  main  journals,     . 

Length  of  main  journals, 

\Mdth  of  eccentric  straps, 

Diameter  of  eccentric  rods. 

Diameter  of  feed-pump  (single  acting  and  for  both  engines),  1^  incli 

Stroke  of  feed-pump  plunger,  .  .  .6  inches. 


1y\  inches. 

1  foot  2i-|-  inches. 

^  inch. 

1^  inciies. 

2  inches. 

'2h  inches. 

If  inches. 

2  inches. 

2|  inches. 

2h  inches. 

1  inch. 

i  inch. 
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Diameter  of  valves  (poppets)  of  feed  pump,         .  1  inch. 

Number  of  thrust  collars,  .  .  5' 

Inside  diameter  of  thrust  collars,       .  .  .  2|  iuches. 

Outside  diameter  of  thrust  collars,  .  .  3f  inches. 

Width  of  thrust  collars,         .  .  .  .  ^  inch. 

Length  of  crosshead  guide-gibs,  .  .  3  inches. 

Breadth  of  crosshead  guide-gibs,       ...  2  inches. 

Thickness  of  side  of  cylinders,      ...  f  inch. 

Thickness  of  plate  to  Avhich  cylinders  are  bolted,  1^^  inches. 

Thickness  of  bed-plate,          ....  li  inches. 

Length  occupied  by  the  engines  in  the  forward  and 

aft  direction  of  the  vessel,    .  .  .3  feet  6^  inches. 

Breadth  occupied  by  the  engines  in  the  athwartship 

direction  of  the  vessel,  .  .  2  feet  3|  inches. 

Height  of  the  engines  above  the  bottom  of  the  bed- 
plate, .  .  .  .  ,3  feet  G  inches. 

Boiler. 

Tliere  is  one  boiler  of  the  locomotive  type,  with  iron  tubes  in  direct 
continuation  from  the  furnace  to  the  chimney. 

The  front  portion  of  the  boiler  is  rectangular  in  plan  with  a  semi- 
cylindrical  top.  The  length  of  this  portion  is  2  feet  10  inches ;  breadth, 
3  feet  6  inches,  and  height,  4  feet.  Upon  its  top,  at  its  centre,  is  a 
cylindrical  steam-chest,  18  inches  in  diameter  and  18  inches  high. 
This  front  portion  contains  the  furnace,  2  feet  3  inches  long,  3  feet 
wide  and  2  feet  high  above  the  top  of  the  grate.  The  furnace  top  is 
horizontal ;  the  grate  is  horizontal,  and  is  fired  from  two  doors,  one  in 
each  side  of  the  front  portion  of  the  boiler.  Tiie  openings  for  these 
doors  are  rectangular,  12  inches  wide  and  8 J  inches  high.  The  bot- 
tom of  the  grate  is  on  tlie  level  of  the  bottom  of  the  front  portion  of 
the  boiler,  and  the  ash-pit  is  of  cast  iron,  placed  G  inches  below  the 
bottom  of  the  grate. 

The  remaining  portion  of  the  boiler  is  cylindrical,  3  feet  1  inch  in 
diameter,  and  4  feet  4  inches  in  length,  10  inches  of  which  form  the 
back  smoke-box,  on  the  top  of  which  the  chimney  is  placed. 

The  tubes  are  eighty-two  in  number,  2  inches  in  external  diameter, 
If  inches  in  internal  diameter,  and  44^  iuches  in  length  between  tul:)e 
plates.     The  least  water  space  between  the  tubes  is  f  inch. 

The  boiler  and  steam-pipe  are  covered  with  thick  felt. 
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Tlie  following  are  the  principal  (liinciisidiis  and  proportions  of  tiic 

l)oiler  : 

Kxtreme  lengtii,       ....  7  feet  2  inches. 

Extreme  breadth,  .  .  .  .3  feet  G  inches. 

Extreme  height,  exclusive  of  steam-drum,    .  4  feet. 

Extreme  height,  inclusive  of  steiun-drum,  .      5  feet  G  inches. 

Xum her  of  furnaces,  .  .  .  1. 

Length  of  grate-bars,     .  .  .  .2  feet  ."]  inches. 

Breadth  of  grate,      ....  3  feet. 

Area  of  grate  surface,     ....      6" 75  square  feet. 

Number  of  tubes,      ....  82. 

Outside  diameter  of  tubes,  ...  2  inches. 

Inside  diameter  of  tubes,       .  .  .  If  inches. 

Length  of  tubes  betM-eeu  tube-plates,      .  .      3  feet  8|  inches. 

\\^ater-heating  surface  in  the  furnace,  .  24*75  square  feet. 

^Vater-heating  surface  in  the  tubes,  calculated  for 

inside  diameter,       .  .  .  139*29  square  feet. 

Water-heating  surface  in  the  back  tube-plate,  to 

3  inches  above  furnace  toj).         .  .  4' 16  square  feet. 

Total  water-heating  surface,  .  .  168-20  square  feet 

^team  superheating   surface  in    the    back    tube- 
plate,  above  3  inches  above  furnace  top,  193  square  feet. 

Diameter  of  chimney,  ...  dh  inches. 

Height  of  chimney  above  the  level  of  the  grate,     11  feet. 

Aggregate  cross  area  of  the  tubes,  .  1-3700  square  feet. 

Cross  area  of  the  chimney,      .  .  .  0*4922  square  foot. 

Water  space  to  3  inches  above  furnace  top,  21*5(i3  cubic  feet. 

Steam  space  above  3  inches  above  furnace  top,  in 

boiler  proper,  .  .  .  •  17*723  cubic  feet. 

Steam  space  in  the  steam-drum,  .  .  2*650  cubic  feet. 

Total  steam  space  above  3  inches  above  furnace  top,  20*373  cubic  feet. 

Hatio  of  the  water-heating  to  the  grate  surface,       24*9185  to  1*0000. 

Ratio  of  the  steam  superheating  to  the  grate  surface,  0*2859  to  1*0000. 

Ratio  of  the  grate  surface  to  the  cross  area  of  the 

tubes,  .  .  .  .  4*9270  to  1*0000. 

Ratio  of  the  grate  surface  to  the  cross  area  of  the 

chimney,  .  .  .  .        13*7139  to  1*0000. 

I)iameter  of  the  blast-pipe  (one  orifice  at  ])ase  of 

•  chimney),       ....  1^  iuches. 
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Screw. 

There  is  one  brass  screw.  The  forward  and  after  edges  of  its  blade-^. 
viewed  in  projection  on  a  plane  parallel  to  its  axis,  are  parallel  to  each 
other  and  perpendienlar  to  the  axis. 

The  thickness  of  the  blades,  just  above  the  fillet  joining  them  to  the 
hub,  is  ^  inch. 

The  following  are  the  principal  dimensions : 
Diameter  of  the  screw,         ...  3  feet. 

Diameter  of  the  hub,     ....  4  inches. 

Pitch  (uniform),      ....  o  feet  4  inches. 

Number  of  blades,         .  .  .  .3. 

Length  of  the  blade  on  a  line  parallel  to  the  axis,     0-8889  foot. 
Fraction  used  of  the  pitch,  .  .  O'oOOO. 

Helicoidal  area  of  the  blades,    .  •  .       4-8910  square  feet. 

Projected  area  of  the  blades  on  a  plane  at  right 

angles  to  axis,  .  .  .  :>-4904  square  feet. 

Weights  of. the  Machinery. 

Pounds. 

Weight  of  engines,         ....  1460 

Weight  of  line  shaft,  ....         195 

Weight  of  stern  stuffing  box,     ...  46 

AVeiglit  of  stern  bearing,      .  .  .  .21 

Weight  of  screw,  ,  .  .  .140 

Weight  of  boiler,     .....       4515 
Weight  of  cast  iron  ash  pan  under  boiler,  .  253 

Weight  of  boiler  chimney  and  sundrv  pipes,  .          210 

Total  weight  of  metal  in  machinerv,  6840 

Weight  of  water  in  boiler,  .  .  .  1342 

Weight  of  felting,  paint,  etc.,  .  .  .         4<S 


Total  weight  of  machinerv,      .  .  8230 

EXI^ERIMEXTS    MADE   AT    THE    MaRE    IsLAND    XaVY    YaRD,  CaI.I- 
FORXIA,    WITH    THE    StEAM-CuTTER   OF   THE    U.    S, 

Steamship  "  Pensacola." 
Tlie  steam-cutter  of  the  United  States  steamship  Pensacola,  having 
been  thoroughly  repaired — hull  and  machinery — a  set  of  experiments 
was  made  with  it  at  the  Mare  Island  Xavy  Yard,  at  different  speeds. 
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I)iit  with  the  same  draught  of  water  and  trim,  to  ascertain  its  resist- 
ance at  those  speed.s,  the  slips  of"  the  screw,  and  the  indicated  horses- 
power  developed  by  the  engines.  These  experiments  were  made  dur- 
ing tiie  month  of  December,  1870. 

The  base  for  the  experiments,  or  the  course  passed  over  by  the  cut- 
ter during  each  run,  was  a  straight  line  8-9oo  feet  long,  as  given  by 
tlie  very  accurate  survey  of  Mare  Island.  It  extended  from  the  north- 
ern side  of  the  dry  dock  dolphins,  or  guard  piers,  to  the  northern  side 
of  the  Jiiagazine  wharf.  This  base  was  close  under  the  lee  of  the  high 
ground  of  the  island.  There  was  no  breeze  during  the  experiments,, 
and  the  water  was  perfectly  smooth.  The  velocity  of  the  tide  varied 
from  nil  to  three  geographical  miles  per  hour. 

Seven  ex})erinients  were  made  at  the  speeds,  respectively,  of  6f ,  6|, 
7,  7j,  7^,  7|  and  8  geographical  miles  ])er  hour,  as  nearly  as  could  be 
obtained.  Each  experiment  consisted  of  six  runs  over  the  base,  three 
in  each  direction,  and  the  time  of  making  them  was  selected  when  the 
tide  had  but  little  influence.  The  vessel's  speed  through  the  water, 
(hiring  each  double  run,  was  ascertained  from  the  time  of  passing  the 
ranging  marks  at  the  ends  of  the  base. 

Two  indicators  were  used ;  one  of  them  Avas  kept  permanently  in 
jtosition  on  one  cylinder,  and  the  other  on  the  other  cylinder,  during 
the  experiments.  Each  indicator  communicated  with  both  ends  of  it'i 
cylinder,  and  before  use  was  put  in  perfect  adjustment  and  had  its 
spring  tested. 

A  counter  was  attached  to  the  scrcAv-shaft,  and  registered  the 
number  of  its  revolutions. 

In  making  the  experiments,  the  cutter,  at  the  intended  speed,  was 
brought  op])osite  one  end  of  the  base  and  then  run  uniformly  to  the 
other,  being  kept  in  a  straight  line  by  an  expert  steersman.  After 
[tassing  the  last  end  of  the  base  a  sufficient  distance,  the  vessel  was 
turned  and  the  run  repeated  back  in  the  same  manner.  The  throttle- 
valve  was  always  carried  wide  open  during  the  turnings,  as  well  as 
during  the  runs,  and  tire  steam  pressure  varied  but  slightly  throughout 
an  experiment,  the  supply  of  steam  required  being  always  within  the 
capacity  of  the  boiler. to  furnish,  except  at  the  speed  of  eight  geo- 
graphical miles  per  hour,  which  it  was  very  difficult  to  maintain  for 
even  a  single  run. 

From  the  commencement  of  each  run  to  its  end  indicator  diagrams 
were- taken  as  rapidly  as  possible  from  each  end  of  each  cylinder.  The 
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steam  pressure  in  the  boiler,  as  given  by  a  spring  gauge,  was  noted  at 
the  end  of  every  minute. 

An  observer,  stationed  always  at  the  same  part  of  the  vessel,  gave 
the  signal  the  instant  he  was  opposite  the  ranges  at  the  ends  of  the 
base ;  and,  at  the  same  moment,  two  other  observers  took,  one  the  time 
to  a  second,  and  the  other  the  number  on  the  counter.  Thus  the  time 
of  making  each  run,  and  the  number  of  revolutions  made  by  the  screw 
in  that  time,  were  exactly  ascertained. 

The  results  of  the  experiments  will  be  found  in  the  following 
table,  in  which,  for  convenience  of  reference,  the  quantities  liave  been 
grouped  and  the  lines  containing  them  numbered.  For  the  same  rea- 
son, the  columns  containing  the  quantities  for  the  different  speeds  liave 
been  lettered. 

Explanation  of  the  Table. 

After  the  experiments  were  concluded,  and  the  mean  pressure  ascer- 
tained for  each  double  run  from  the  indicator  diagrams  taken  during 
that  run,  a  straight  base  line  was  divided  into  abscissa)  representing 
the  experimental  speeds.  From  the  end  of  each  speed  abscissa  an 
ordinate  was  erected  at  a  right  angle  to  the  base,  and  on  it  was  lail 
otf,  by  scale,  the  indicated  pressure  belonging  to  that  speed.  A  fair 
<;urve  was  then  passed  among  the  ends  of  those  ordinates,  leaving  as 
many  on  one  side  as  on  the  other.  Again,  the  slips  of  the  screw 
having  been  calculated  for  each  experimental  speed,  were  laid  off'  on 
the  same  ordinates,  and  a  fair  curve  passed  among  the  ends  of  the 
ordinates  in  the  same  manner  as  before,  leaving  as  many  ends  on  the 
one  side  of  the  curve  as  on  the  other  side.  From  these  curves,  and 
for  the  s})eeds  given  on  line  1  of  the  following  table,  commencing 
at  63^  geographical  miles  per  hour  and  increasing  by  one-quarter  of  a 
mile  up  to  8  miles  per  hour,  there  were  taken  off*,  by  scale,  the  quan- 
tities on  lines  2  and  line  5  of  the  table,  being,  respectively,  the  slip  of 
the  screw  in  per  centum  of  its  axial  speed,  and  the  mean  gross  effective 
or  indicated  pressure  on  the  pistons  in  pounds  per  square  inch,  accord- 
ing to  the  indicator  diagrams.  Line  3  contains  the  thrust  of  the  screw, 
calculated  from  the  quantities  on  lines  10  and  11,  in  the  manner  here- 
inafter shown  under  the  head  of  Distribution  of  the  Power.  Line  4 
contains  the  number  of  double  strokes  made  by  the  engines'  j)istons 
per  minute,  and  of  revolutions  made  by  the  screw  in  the  same  time 
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TIk-v  were  calculated  from  the  pitch  ol'tlie  screw  and  the  ((uaiitities  oii^ 
lines  1  and  2. 

J)i.s(ribntion  of  the  Indicated  Pressure  on  the  l^iston. — Lines  5  to 
11,  both  inclusive,  give  (line  5)  the  mean  gross  eifective  or  indicated 
itressure  on  the  piston  in  pounds  per  square  inch  for  the  different 
experiments,  and  the  remaining  lines  contain  the  distribution  of  that 
pre.'^sure. 

Line  6  gives  the  pressure  recpiired  to  work  the  engines  and  shafting 
— per  se — when  the  screw  is  removed.  It  was  ol)tained  by  direct  trial. 

Line  7  contains  the  net  pressure  aj^plied  to  the  shaft,  in  pounds  per 
square  inch  of  ]iiston.  It  is  the  remainder  of  the  pressure  on  line  5- 
after  deducting  that  on  line  6. 

Line  8  contains  the  pressure  absorbed  by  the  friction  of  the  load,  in 
pounds  per  square  inch  of  piston.  It  is  7^  per  centum  of  the  pressure 
on  line  7. 

liine  9  contains  the  pressure,  per  square  inch  of  piston,  expended  in 
overcoming  the  resi-stance  of  the  water  to  tlie  surface  of  the  screw- 
blades.     It  is  calculated  from  the  quantity  on  line  16. 

Line  10  contains  the  pressure,  per  square  inch  of  piston,  expended 
in  the  slip  of  the  screw.  It  is  calculated  from  the  quantity  on 
line  17. 

Line  11  contains  the  pressure,  per  square  inch  of  piston,  expended 
in  propelling  the  vessel.  It  is  the  pressure  which  remains  after  deduct- 
ino-  from  the  pressure  on  line  7  the  pressures  on  lines  8,  9  and  10. 

Distribution  of  the  Engine  Poicer.  —  Lines  12  to  22,  both  inclu- 
sive, contain  the  gross-effective  horses-power  (line  12)  developed  by  the 
eno-ines,  and  their  distribution.  Lines  13  to  18,  both  inclusive,  show 
the  distribution  of  the  power  absolutely,  that  is,  in  horses-power ;  while 
lines  19  to  22,  both  inclu.sive,  show  this  distribution  in  per  centum  of 
the  net  horses-power  (line  14)  applied  to  the  shaft. 

The  distribution  of  the  indicated  or  gross-eifective  horses-power 
developed  by  the  engines  has  been  calculated  in  the  manner  shown 
l)elow  under  the  head  of  Distribution  of  the  Power. 

The  quantities  on  lines  19,  20,  21  and  22  are  the  per  centum  which 
the  quantities  on  lines  15,  16,  17  and  18  are  respectively  of  the  quan- 
titv  on  line  14. 
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EXPERIMENTS  WITH  THE  STEAM-CUTTER  OF  THE  UNITED  STATES  STEAMSHII'  "  PEXSACOLA." 
By    Chief    Engineek    ISHERWOOD,   U.S.  Navy. 


TaHI.E  CONTAININfi   THE    RESn.TK   (IK   THE   KxPKRIMK 


.MADE   WITH    THE   STEAM-CUTTER   OF  THE   UNITED  STATES  STEAMSHIP   "  PENSACOI.A,"    AT   THE   MARE   ISLAND 

Na\v  Yard,  California,  in  December,  1870. 


Speed  of  the  vessel  per  hour,  in  geographical  miles  of  6086  feet. 

Slip  of  the  screw,  in  per  centum  of  its  speed,         ...... 

Thrust  of  the  screw,  in  pounds,  calculated  from  the  piston  pressure  on  lines  10  and  11, 
Double  8troke.s  of  Engines'  pistons,  and  revolutions  of  the  screw,  made  per  minute, 

Mean  gross-effective  or  indicated  pressure  on  tin-  iiistmis,  in  i«iuniis  jht  s(i»are  incli. 
Pressure  re(|uired  tn  work  tlu-  i-iif:im',  j„  r  «, ,  in  i)c.iiii.I>  |.ir  smiuuv  inch  uf  pistons,   . 
Net  pressure  applit-d  to  tlu-  slialt,  in  jiouiids  pir  si|iKn\  imli  of  pistons 
Pressure  absoriie.l  l.y  tliu  tii<tion  of  tlu-  loiui,  in  p.iun.is  jn-i-  sipuirc  ini-'li  of  pistons,  . 
Pressure  ex|ii-niliil  in  nvin-..TiiinK  Hk-  risistan.-e  of  the  water  to  the  surface  of  the  screw 

blades,  in  ponn.ls,,vr.,|uaie  in,!,. .r  pistons 

1  ressure  cxpi'Hdid  in  the  slip  of  tlie  sircw,  in  pounds  per  square  inch  of  pistons, 
Pressure  cx|H'n(k'<l  in  the  iiropulsion  of  the  vessel,  in  pounds  per  square  inch  of  jiistons, 

Gross-eftectivc  or  indicated  horses-power  developed  by  the  engines. 

Horses-power  expended  in  working  the  engines,  per  sr,  , 

Net  hoi-ses-power  applied  to  the  shaft,      ....... 

Horses-power  absorbed  by  the  friction  of  the  lead,  ..... 

Horses-power  expended  in  overcoming  the  resistance  of  the  water  to  the  surface  of  tlie 
screw  blades,  .......... 

Horses-power  expended  in  the  slip  of  the  screw,  .  .... 

.Horses-power  expended  in  the  propulsion  of  the  vessel,    ..... 

rPer  centum  of  the  net  power  applied  to  the  shaft,  absorbed  by  the  friction  of  the  load. 
Per  centum  nf  the  net  power  ajiplieil  to  the  shaft,  exiimcled  in  overcoming  the  resists) 

I  ance<if  the  water  to  till- .surface  of  the  snvwbla.l.s,    .  .  .  .  .       | 

I  Per  centum  ..f  the  net  jiower  applied  to  tlu-  sliafi,  cx|irn.led  in  the  slip  of  the  screw,      . 
Per  centum  ot  the  lu-t  power  apjilied  to  tlu-  shaft,  cxi.cuded  in  the  propulsion  of  the  \ 

L        vessel,  .  .  .  .  ,  ,  ^  ...  ./ 


6-50 

6-7.5 

7-00 

7  •2-5 

7 -.50 

7-75 

8-00 

21-450 

23-038 

24-802 

26-833 

28-761 

30-649 

.34-248 

272-8.59 

314-348 

,■564-516 

427-914 

497-109 

.574-166 

8-50-413 

1.57-3792 

166-8047 

177-0392 

188-4532 

200-2290 

212-5.335 

224-5679 

34-ooon 

.'S8-7.57S 

44-4897 

51-6866 

59-5470 

68-2997 

76-9957 

2-nooo 

2-O00O 

2-0000 

2-0000 

2-0000 

2-0000 

2-0000 

32-01101) 

36-7.578 

42-4897 

49-6866 

57-5470 

66-2997 

74-9957 

2-4000 

2-7.568 

3-1867 

3-7265 

4-3160 

4-9725 

5-6247 

9-0080 
0-5209 
8-4781 
0-6359 


7-50 
10-64 
17-56 
64-30 


10-8835 
0-.5616 

10-3219 
0-7741 


10-40 
18-91 
63-19 


13-2596 
0-5961 

12-6635 
0-9498 


16-3977 
0-6345 

15-7632 
1-1822 


22-19 
60-49 


20-0719 
0-6741 

19-3978 
1-4548 


23-85 
59-08 


24-4370 
0-7156 
23-7214 


25-48 
57-66 


29-1082 
0-7561 

28.3-521 
2-1264 


9-24 
26-85 
56  41 


tl, 

til 
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Manner   of   Calculating   the   Distribution   of   the  Power 
during  the  experiments. 

To  illustrate  the  manner  of  calculating  the  distribution  of  the  indi- 
cated or  gross-eifective  horses-power  developed  by  the  engines  during 
the  experiments,  the  following  detail  is  given  for  the  experiment  in 
column  a  of  the  table. 

The  pressure  required  to  work  the  engines  and  shafting,  per  se^ 
being  taken  at  2  pounds  per  square  inch  of  pistons,  there  is  thus  absorbed 
(line  13)  0-5299  horse-power. 

Deducting  from  the  gross-eifective  power  (line  12)  of  9M30SO  horses 
developed  by  the  engines  this  power  of  0'5299  horse,  there  remains 
(line  14)  the  net  power  of  8'4781  horses  applied  to  the  sjiaft,  of  which 
7i  per  centum  or  0*G359  horse  (line  15)  is  absorbed  by  the  friction  of 
the  load. 

The  ])ower  expended  in  overcoming  the  resistance  of  the  Avater  to 
the  surface  of  the  screw  blades  (line  16),  that  is,  in  overcoming  their 
skin  resistance,  calculated  in  the  ratio  of  the  square  of  the  velocitv, 
and  for  a  value  of  0'45  pound  per  square  foot  of  helicoidal  surface 
moving  in  its  helical  ])ath  with  a  velocity  of  10  feet  per  second, 
amounts  to  0'9018  horse. 

The  powers  (0*6359  and  0'9018  horse)  absorbed  by  the  friction  of 
the  load  and  expended  in  overcoming  the  resistance  of  the  water  to 
the  surface  of  the  screw  blades  being  deducted  from  the  net  power 
(8'4781  horses)  applied  to  the  shaft,  there  remain  6'9404  horses-power 
expended  in  the  slip  of  the  screw  and  in  the  propulsion  of  the  hull. 
And,  as  the  slip  of  the  screw  (line  2)  is  21*45  per  centum  of  its  axial 
speed,  the  power  expended  in  it  is  (6*9404  X0"2145=)  1*4887  horses 
(line  17)  leaving  (6*9404— 1*4887=)  5*4517  horses  (line  18)  expended 
in  the  propulsion  of  the  simple  hull. 

Collecting  the  foregoing,  we  have  the  following  distribution  of  the 
})Ower,  namely : 

Horses-power.    Per  cent. 
Gross-effective  or  indicated  power  developed  bv  the 

engines,  ....     9*0080 

Power  required  to  work  the  engines  and  shafting, 

perse,  ....     0*5299 


Xet  power  applied  to  the  shaft,      .  .  8*4781  or  lOO'OO' 


0-9018  " 

10-64 

1-4887  " 

17-5(j 

1-57 17  " 

G4-:~;0 
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Power  absorbed  by  tlie  friction  of  the  load,  .     0'6359  or       7-50 

Power  ox])ended  in  overcoming  the  resistance  of 

tlie  water  to  the  surface  of  the  screw  blades, 
Power  expended  in  the  slij)  of  the  screw, 
Power  exjiended  in  the  ])ro})ulsion  of  the  vessel. 

Totals,  .  .  .  8-4781  or  100-00 

Thrust  of  the  Screw. 

The  thrust  of  the  screw  during  the  foregoing  performance  can  be 
<'alculated  from  the  piston  pressures  on  lines  10  and  11,  the  sum  of 
w^hich  reduced  in  the  ratio  of  the  length  (one  foot)  of  the  double  stroke 
■of  the  pistons  to  the  pitch  (5J  feet)  of  the'  screw,  and  multiplied  by 
tJie  aggregate  number  of  scpiare  inches  in  the  two  pistons,  will  give 
the  thrust  of  the  screw  in  })ounds ;  or,  what  is  the  same,  the  statical 
resistance  of  the  vessel  in  pounds  at  the  experimental  speed. 

In  the  case  of  experiment  a,  the  sum  of  the  piston  pressures  on 
lines  10  and  11  is  26-1952  pounds  per  square  inch,  and,  as  the  aggre- 
gate area  of  the  two  pistons   is   55-554   square   inches,  the   thrust  of 

the  scre\v,  or   resistance  of  the  vessel,  is  ( ^    X    55-554  = ) 

V      51  / 

272*859  pounds  (line  2). 

Results  of  the  Experiments. 

The  mean  steam  pressure  in  the  boiler  during  the  experiment 
recorded  in  column  a  of  the  preceding  table  was  50-42  pounds  per 
square  inch  above  the  atmosphere ;  during  the  experiment  recorded  in 
column  b,  57  pounds ;  during  the  experiment  recorded  in  column  c, 
64  pounds ;  during  the  experiment  recorded  in  column  d,  72  pounds ; 
during  the  experiment  recorded  in  column  e,  79-75  pounds ;  during 
the  experiment  recorded  in  column  f,  87  pounds ;  and  during  the 
experiment  recorded  in  <;olumn  g,  94  pounds. 

§  The  temperature  of  the  feed-water  before  entering  the  heater  was 
55  degrees  Fahrenheit;  and  when  entering  the  boiler,  130  degrees 
Fahrenheit. 

§  The  resistances  of  the  hull  at  different  speeds  varied  in  a  much 
higher  ratio  than  the  square  of  the  speed,  as  will  be  seen  by  the  fol- 
lowing comparison,  in  which  they  are  given  both  proportionally  tV)r 
the  square  of  the  speed,  and  also  proportionally  as  ascertained  by 
experiment  and  deduced  from  die  quantities  on  line  3  of  the  preced- 
ing table. 
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tlie  table. 

a 

Speeds  of  the  vessel 
in  geographical     1 
miles  per  hour. 

6-50 

Squares  of  the  speeds, 
proportionally. 

i-oooo" 

Experimental 

resistances, 

proportionally. 

1-0000 

b 

6-75 

1-0785 

1-1525 

c 

7-00 

1-1599 

1-3359 

d 

7-25 

1-2440 

1-5683 

e 

7-50 

i-;^3]  1 

1-8219 

f 

7-75 

1-4216 

2-1043 

ff 

8-00 

1-5147 

2-3837 
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Tlu.'  power  of  the  speed  of  the  vessel,  in  wliicli  its  resistances 
increased  from  6-50  geograpliical  miles  per  hoar  to  each  of  the  exper- 
imental speeds,  is  as  follows  : 

Speed  of  tlie  vessel  Power  of  tlie  sj)ee;l  in 

in  geograpliical  wJiich  the  vessel's 

miles  per  hour.  resistances  increased. 

6-50  

6-75  3-7571 

7-00  3-9090 

7-25  4-1203 

7-50  4-1906 

7-75  4-2300 

8-00  4-1829 

The   power  of  the   speed  of  the  vessel,  in  which    its   resistances 

increased  for  each  experimental  increment  of  speed  of  one-fourth  of  a 

geographical  mile  per  hour,  is  us  follows : 

Power  of  tiie  speed  in  wliich  the 
Speed  of  the  vessel  vessel's   resistances    increased 

in  geographical  from  one  exi)erimental  speed 

miles  per  hour.  to  the  next  greater. 

'^■5n  .  .  .  .     3-7571 

■  If  I  ....     4-5708 

r2o  J 

''^■25  I  4-41  qo 

7-50/  •  •  •  ^^^-^^ 

!l'5?l  ....     4-3990 

7-75  j 

'^■^'*  I  .  .  .  3-9225 

8-00  j 

Whole  No.  Vol.  CIX.— (Third  Series,  Vol.  ixs  ix.)  2H 
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Aci'ordiiii;'  to  the  above,  llu'  jjowxt  (jf  tlie  sj)oeil  in  which  the  vessel's 
resist-iince  j^Ttuhuilly  inereaseil  from  one  experiiiieutiil  speed  U)  the  next 
•greater,  i;ra(huilly  rose  until  it  hecauie  a  ni  ixinmni  at  the  speed  of  ~"2o 
geot2;ra[)hical  miles  jier  hour,  from  which  to  the  s])ei'(l  of  S-(JO  geoi^Ta- 
phical  miles  per  hour  it  gradually  declined. 

During  the  ditterent  experiments  the  trim  of  the  vessel  changed 
with  each  change  of  speed,  and  in  a  very  marked  luauner ;  the  bow 
rising  and  the  stern  falling  with  each  increase  of  speed.  Notwith- 
standing the  sharpness  of  the  bow,  the  vessel,  even  at  her  lowest  si)eed, 
carried  a  \vide  and  high  wave  before  her. 

At  the  lowest  speed  there  was  a  hollow  or  marked  dej)ressioii  in  the 
Avatcr  a  little  abaft  the  stern,  followed  immediately  by  a  corresponding 
wave  or  elevation  of  water  above  the  general  level,  and  with  each 
increase  of  speed  this  holh^w  became  deeper  and  deeper,  an<l  farther 
and  farther  from  the  stern,  while  the  wave  which  followed  it  became 
higher  and  higher,  and  also  more  and  more  distant.  At  the  highest 
speed  the  gunwale  at  the  stern  of  the  cutter  was  below  the  general 
level  of  the  water,  so  that  the  persons  sitting  in  the  stern  sheets 
appeared  to  an  observer  on  shore  to  be  standing  Avaist-deep  in  the 
water,  the  cutter's  stern  being  invisible. 

There  was  not  only  this  great  alteration  of  the  vessel's  trim  observed, 
but  also  that  she  began  at  medium  speed  to  rise  bodily  above  her 
mean  draught  of  Avater  when  at  rest,  the  bow  becoming  disproportion- 
ately high  out  of  water. 

The  above  phenomena,  no  doubt,  exist  for  all  vessels,  be  their  size 
and  form  what  they  may,  Avhen  their  speed  exceeds  the  limit  at  which 
their  resisbmces  increase  in  the  ratio'of  the  squares  of  the  speeds ;  but 
this  limit  being  farther  and  farther  removed  as  the  hull  has  greater 
length  and  liner  form,  is  not  in  large  and  Avell-modeled  vessels  reached 
with  the  ordinary  speeds  of  jwactice ;  but  when  even  such  vessels  are 
driven  beyond  the  speed  of  about  12  geographical  miles  per  hour  the 
appearances  described  make  their  influence  felt. 

The  first  cause  of  this  marked  change  of  trim  with  the  increasing 
speeds  of  the  cutter  was  the  shortness  of  her  after  body  comparably 
with  her  draught  of  water  aft.  Xow,  the  water  replacing  at  the 
vessel's  after  body  that  which  was  displaced  at  her  fore  body,  comes 
from  the  j)lane  of  greatest  pressure,  Avhich  is  the  plane  passing  hori- 
zontally thVough  the  lower  edge  of  the  rabbet  of  the  keel,  and  it  rises 
solely  by  the  force  of  gravity,  the  weight  of  the  adjoining  column  of 
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water  measured  from  the  plane  referred  to  up  to  the  water  level,  forc- 
ing it  uj)ward.s,  and  it  rises  with  the  same  velocity  no  matter  what 
ma\'  he  the  vessel's  speed.  But,  as  the  vessel's  speed  increases,  the 
ascending  mass  of  water  cannot  reach  the  after  body  in  time  to  su})- 
])ort  it  in  the  j)osition  it  had  when  at  rest,  and,  consequently,  this  after 
body  must  drop  until  it  does  meet  the  ascending  mass  of  water,  and 
obtains  thereby  sufficient  floatation.  The  greater  the  speed  of  the 
vessel,  tlie  farther  the  after  body  must  drop,  and  with  each  dropping 
the  resistance  of  the  vessel  must  increase.  As  long,  however,  as  the 
sj)eed  of  the  vessel  is  such,  relatively  to  her  length  of  after  body  and 
draught  of  water  aft,  that  the  ascending  mass  of  water  can  reach  the 
iifter  body  in  time,  there  will  be  no  dropping  at  the  stern,  and  the 
vessel's  resistance  up  to  that  speed  will  be  in  the  ratio  of  the  squares 
of  the  s|)('eds. 

TJie  jilienoniena,  as  regards  the  bow,  are  influenced  by  the  Icugtii  ot" 
the  lore  body  relatively  to  the  speed.  The  displaced  water  rises  verti- 
cally (that  being  its  line  of  least  resistance)  along  the  sides  of  the  fore 
i)ody,  and  sj)reads  out  over  the  general  level,  the  height  of  the  rise 
and  the  area  for  the  spreading  out  being  measured,  other  things  ecpial, 
by  the  length  of  the  sitle  of  the  fore  body.  When  the  speed  of  the 
vessel  is  increased  to  such  a  degree  that  the  wave  of  translation  does  not 
move  swiftly  enough  to  keep  out  of  the  way  of  the  vessel,  the  latter 
rises  upon  it  as  upon  an  inclined  plane,  and  emerges  bodily  above  her 
mean  di-aught  of  water  when  at  rest,  thus  oflering  a  less  external 
wetted  surface  and  a  less  greatest  immersed  transverse  section  to  be 
driven  by  the  engines.  In  this  way  the  decreased  power  of  the  speed 
in  which  the  resistance  of  the  vessel  increased  at  the  higher  rates  of 
speed  may  be  explained. 

The  resistance  of  the  hull  is  composed  of  two  parts  ;  one,  that  of 
her  external  immersed  or  wetted  surface ;  the  other,  that  of  her  form 
abstracted  from  this  surface  .resistance.  The  first  may  be  called  her 
resistance  in  function  of  surface,  and  the  last  her  resistance  in  function 
of  form.  The  first  may  be  approximated  with  reasonable  accuracy  by 
calculation ;  the  last  must  be  ascertained  experimentally. 

The  experiments  with  the  Pensaoola^s  steam-cutter  allow  this  sepa- 
ration of  these  two  resistances  to  be  made  in  her  case,  and  each  to  be 
ascertained  for  the  different  experimental  speeds  of  the  vessel. 

The  speed  with  which  the  wate  ry  molecules  glide  over  the  wetted 
surface  of  the  hull   is  less  than  the  speed  of  the  vessel,  owing  to  the 
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iiicliiuitlon  of  her  lines  to  her  longitiulinal  axis,  and,  in  the  ciise  undtjr 
examination,  these  two  speeds  may  be  taken  to  l)e  in  the  ratio  of  0' 9 74 
to  1(>(>().  Assuming-  the  wetted  surfaee  not  to  change  in  area  (hn-ing 
the  experiments,  it  is  332"85  square  feet,  each  S(|uare  foot  of  wlii<li, 
wlien  moving  with  the  velocity  of  10  feet  per  second,  has  the  resist- 
ance of  O'tItO  pound,  which  resistance  increases  and  decreases  with  the 
square  of  the  velocity.  Calculating  with  these  data  the  resistance  of 
the  external  immersed  or  wetted  surface  of  the  hull  for  each  experi- 
mental speed,  and  deducting  it  from  the  resistance  of  the  hull  at  each 
of  these  speeds  (line  3  of  the  table),  the  remainder  will  be  the  resist- 
ance in  function  of  form.  And  it  is  evident  that,  as  the  resistance  in 
function  of  surface  varies  with  the  square  of  the  vessel's  speed,  all  thf" 
increased  resistance  above  that  ratio  must  be  due  to  the  form  alone. 

In  the  following  table  will  be  found  the  results  of  these  calculations, 
the  resistance  of  the  vessel  in  function  of  surface  and  in  function  of 
form  being  given  separately  : 
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6-50 

37-15 

()-75 
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364-516 

198-445 

166-071 

54-44 

45-56 

7-25 

427-914 

213-590 

214-324 

49-91 

50-09' 

7-50 

497-109 

228-402 

268-707 

45-95 

54-05 

7-75 

574-166 

243-846 

330-320 

42-47 

57-53 

8-00 

650-413 

259-723 

390-690 

39-93 

(>0-07 

The  power  of  the  speed  of  the  vessel  in  which  its  resistances  in 
function  of  form  alone  increased  for  each  experimental  increment  of 
speed  of  one-fourth  of  a  geographical  mile  per  hour,  is  as  follows : 
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Power  of  the  speed  in  which  the  ves- 
Speed  ufthe  vessel  sel's  resistances  in  function  of  form 

in  geographical  alone  increased  from  one  experi- 

Jiiiles  per  lionr.  mental  speed  to  the  next  greater. 


6-50  I 
(j'75  ) 
6-75  1 
7-00  j 
7-00  I 
7*2o  j 
7-25  I 
7-50  )' 
7-50  1 
7-75  i' 
7'7o 
8-00 


G-4740 
6-8719 
7-2727 
G-(J(J<j() 
6-3047 
0-2812 


Tlie  quantities  on  line  22  ot"  the  table  show  the  proportion  of  tiie 
aiet  liorse-power  developed  by  the  engines  applied  to  the  screw  shaft, 
■which  was  utilized  in  the  propulsion  of  the  vessel.  They  consequentlv 
i-epresent  tlie  relative  economic  efficieny  of  the  screw,  referred  to  the 
jiet  liorse-power,  at  the  different  speeds  of  vessel.  Had  the  resistances 
i»f  the  vessel  been  in  the  ratio  of  tlie  squares  of  its  S})eeds,  the  quanti- 
ties on  line  22  would  have  been  equal ;  the  decrease  of  the  screw's 
•efficiency  with  the  increase  of  the  vessel's  speed,  is  due  to  the  fact  that 
the  resistance  of  the  vessel  increased  in  a  higher  ratio  than  the  square 
of  its  speed,  while  the  resistance  of  the  watery  fulcrum  to  the  screw 
blades  increa.sed  only  in  the  ratio  of  the  square  of  the  number  of  ^jieir 
revolutions  in  equal  time,  and  tliat  the  number  of  these  revolutions, 
•i'tvieris  paribus,  is  in  the  direct  ratio  of  the  speed  of  the  vessel ;  that  is 
to  say,  if  the  resistance  of  the  vessel  is  as  the  square  of  its  speed,  the 
Jiumber  of  revolutions  of  the  screw  in  equal  time  will  be  as  the  speed 
of  the  vessel. 

As  the  resistance  which  the  screw  experiences  from  its  watery  ful- 
crum, other  things  equal,  is  as  the  square  of  the  number  of  its  revolu- 
tions in  a  given  time,  and  as  the  vessel's  speed  is  as  the  number  of 
revolutions  made  by  its  screw  in  equal  time,  provided  the  resistance  of 
the  vessel  increased  as  the  square  of  its  speed,  then  the  resistances  of 
the  screw  and  of  the  vessel,  in  this  case,  would  increase  in  the  same 
<luplicate  ratio  of  the  speed,  and  the  slip  of  the  screw  would  conse- 
<piently  remain  constant,  and  its  economic  efficiency  undergo  no  chano-e. 
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Hut  if  tlic  vessel's  resistance  increased  in  a  liiglicr  ratio  tlian  tln'  -fjiiare 
of  its  spcetl,  the  resistance  of  the  screw  reinaininj^  in  the  ratio  of  the 
s([uare  of  ib<  revolutions  in  equal  time,  then  the  slip  of  the  .screw  would 
increase  with  increased  speed  of  vessel,  and  become  greater  and  greater 
as  that  speed  became  greater  and  greater,  and  the  screw  would  have, 
in  consequence  of  these  increasing  slips,  less  and  less  (cononiic  cfti- 
ciency. 

The  loss  of  economic  efficiency  by  the  screw ,  ])riinaiMly  caused  by 
increased  slip,  includes  not  only  the  loss  due  to  the  increased  slij),  per 
se,  but  also  that  which  is  due  to  the  increased  resistance  of  the  water 
to  the  screw  surface,  or,  in  other  words,  to  the  increased  skin  resist- 
ance of  the  blades,  because,  in  order  that  the  vessel  make  a  giv^en 
speed,  more  revolution.^  of  the  screw  will  be  required  in  equal  time 
with  the  increa.sed  slip  of  the  .screw,  whose  corresponding  surface  los.s- 
will  be  as  the  squares  of  the  number  of  revolutions  made  in  equal 
time. 

Fall  of  a  Market  Roof  in  Paris.— On  a  cold  night  of  last 
December,  when  the  thermometer  stood  at  — 15°  (5°F.),  the  metallic 
roof  of  St.  Martin  market  suddenly  fell.  It  was  l)uilt  uj)()n  rigid 
supports  and  seems  to  have  been  sufficiently  strong.  The  cause  of  the 
fall  was  therefore  a  mystery,  and  the  French  engineers  are  discussing 
the  subject  with  much  interest.  They  very  generally  agree  in  regard- 
ing the  rigidity  of  the  supports  as  a  defect  and  in  thinking  that  the 
extremities  of  eveiy  beam  .should  l)e  allowed  sufficient  lateral  play  to 
prevent  any  injurious  effect,  either  from  contraction  by  cold  or  from 
expansion  by  heat. — Ckron.  Indust.  C 

Temperature  of  Frozen  Lakes. — F.  A.  Forel  has  made  a  .series 
of  observations  on  the  Swiss  lakes,  similar  to  that  of  Buchanan  at 
Loch  Lomond.  He  finds  that  the  limit  of  the  superficial  chill  is 
much  greater  than  has  been  hitherto  suppo.sed,  extending  in  some  cases 
even  to  the  depth  of  110  metres  (120-3  yards).  The  penetration  of 
the  cold  into  the  upper  layers  takes  place  very  gradually  and  [)rogres- 
sivelv.  It  does  not  appear  to  be  accomplished  either  l)y  convection  or 
bv  mechanical  mixture  under  the  action  of  waves  and  currents,  but 
mav  perhaps  be  connected  with  conductibility  and  radiation.  OI)ser- 
vations  extended  over  an  interval  of  forty  days  showed  a  great  uni- 
formity of  temperature,  but  at  no  time  was  the  uniformity  complete 
throughout  the  whole  depth  of  the  lakes. — Oompte><  Rendns.         C. 
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EYE-MEMORY 


A  Lecture  delivered  before  the  Franklin  Institute  ^larch  2Htli,  Isso. 

Bv  Charles  G.  Leland. 


There  are  few  jjeople  whd  have  ever  reflected  on  the  fact  that  everv 
one  has  within  him  a  faculty  which,  if  properly  developed,  Mould 
completely  change  our  system  of  education  by  increasing  to  an  incredi- 
ble degree  our  power  of  mental  acquisition.  This  faculty  I  term  Eye- 
memory.  It  has  already  been  recognized  by  writers  as  Visual  Repre- 
sentation, Imaginary  Appearance  and  Yolitionary  Pseudopia,  each 
term  expressing  the  subject  in  a  manner  characteristic  of  its  inventor. 

AVe  are  all  in  the  habit  of  hearing  the  utterances  of  other  people 
during  our  waking  hours,  of  reading  books  and  catching  sounds.  But 
unless  we  deliberately  set  ourselves  to  work  to  get  these  utterances, 
idea.s  or  sounds  hy  heart,  we  only  retain  a  vague  general  impression  of 
them.  Getting  by  heart,  or  "  memorizing,"  is  effected  l)y  concentrating 
or  intensifying  the  attention  and  In-  frequent  repetition.  When  this 
is  extensiv(!ly  jiracticed  in  youth,  the  mental  memory  is  thereby  greatly 
strengthened  or  improved,  while  the  thinking  foculties  are,  by  the 
Siime  process,  stimulated  and  disciplined.  This  is,  in  fact,  the  real  aim 
of  most  early  education.  Only  the  vulgar  and  ignorant  believe  that 
the  acquisition  of  knowledge  and  the  lejirniug  certain  definite  quanti- 
ties of  mathematics,  languages  or  history  alone  constitute  an  education. 
A  wiser  man  knows  that  it  is  the  training  of  the  mental  powers  which 
forms  the  true  result  of  culture. 

Now  just  as  the  mind  maybe  instrueled  and  disciplined  l»y  mere 
reading,  that  is  to  say,  indirectly  taught  by  symbols  called  letters,  so 
it  may  be  directly  supplied  with  facts  or  phenomena  by  eye-memory. 
This  is  the  impressing  by  will  on  memory  things  which  we  have  .s^t'/i. 
Thus,  for  instance,  if  you  close  your  eyes  and  try  to  recall  the  exact 
apjiearance  of  any  object  with  which  you  have  been  familiar,  you  will 
find  great  difhculty  in  doing  so.  As  a  rule  children  possess  this  fac- 
ulty to  a  much  higher  degree  than  grown  people.  But  if  you  put  the 
object  before  you  and  look  at  it  frequently  you  will  succeed  in  learning 
it,  so  as  to  be  able  to  read  it  at  will.  .  The  longer  you  study  it  with  a 
determination  to  rememl^er  it,  the  more  vividly  will  its  color  and  oen- 
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(•r;il  uppearance  come  before  yoii.  It  is  |»(»ssil)le,  with  practice,  to 
develop  this  faculty  so  as  to  prothicc  the  most  extraordinary  results. 
The  absent  friend  may  be  recalled  at  will,  so  that  his  form  aj)pears  as 
clearly  defined  as  in  life,  and  by  fre(jucnt  exercise  you  may  surnnuKl 
yourself  with  familiar  or  imaii'ined  scenes  which  appear  like  nature. 
This  power  may  be  extended  to  books.  You  luu^e  all  heard  of  peo]>le 
who  ''cipher"  from  imagined  visual  numerals,  and  of  others  who  had 
the  power  to  recall  sheet-music,  and  to  play  from  the  notes  thus  brought 
before  the  eye.  I  have  read  of  a  Scotch  preacher  who  said  that,  while 
api)arently  preaching  without  notes,  he  was  really  reading  from  a 
juanuscript  whicli  he  saw  mentally  before  him.  He  could  see  even 
the  marks  of  punctuation.  And  this  use  of  the  faculty  of  visual  rep- 
resentation occurred  whenever  he  had  written  a  sermon  and  read  it 
carefully  before  going  into  the  j)ul])it.  I  venture  to  believe  that  it 
\vould  be  possible,  with  practice,  to  recall  any  page  of  anything  which 
wc  had  read,  or  rather  seen,  and  in  like  manner  to  get  by  eye  a  gallery 
of  pictures.  As  it  is,  we  may  appreciate  and  thoroughly  enjoy  works 
of  art.  But  unless  we  deliberately  exert  our  will,  and  intentionally 
impress  them  on  the  memory  with  much  trouble,  they  will  not  recur 
to  us  as  real  things.  They  will  not  come  when  we  call  to  them.  AA^hy 
is  it  thai,  after  going  through  a  gallery,  we  remember  a  few  pictures 
and  forget  others  ?  Simply  because  we  have  unconsciously,  through 
interesl,  brought  ,our  memory  to  bear  upon  the  few.  Had  we  been 
trained  from  childhood  to  use  this  visual  memory  in  the  same  manner 
in  which  we  are  trained  to  exercise  mental  memory,  we  could  probably 
recall  at  will  any  object  which  we  had  once  willed  to  remember. 

There  have  been,  however,  many  persons  who  have  acquired  this 
desirable  art.  Thus  we  are  told  that  Nicolas  Loir,  an  eminent  French 
painter  and  engraver,  when  in  Italy,  devoted  his  time  to  contemplating 
the  works  of  the  great  masters,  his  eye-memory  becoming  so  retentive 
bv  practice  that  he  was  able  to  sketch  the  pictures  which  had  pleased 
him  most. 

I  have  met  with  a  coachmaker,  also  a  draughtsman,  who,  after  see- 
ing any  vehicle  pass  by,  however  rapidly,  can  draw  and  color  it  in 
detail  to  the  minutest  ornaments,  and  wdio  can  do  the  same  of  any 
object  which  he  saw  even  forty  years  ago,  if  he  had  taken  pains  at  the 
time  to  learn  it.  I  know  a  lady  who,  while  in  Europe,  memorized 
many  galleries  of  pictures  and  shop  windows.  Francis  Galton  has 
completely  established  the  fact  that  there  are  in  England  hundreds  of 
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accountants  who  carry  out  sums  in  arithmetic  entirely  by  visual  rep- 
resentation. This  power  is  poj)ular!y  admired  as  a  rare  gift ;  in  reality 
it  is  irrepressible  in  a  few,  iuvoluntarily  developed  in  others,  and  is 
innate  in  us  all. 

The  importance  of  developins*;  tliis  faculty  lias  suggested  itself  to 
many  artists.  Thus  Couture  advised  his  pupils  to  let  the  eye  rest  for 
an  instant  on  passers-by  in  the  street,  aud  then  attempt  to  draw  them. 
I  have  seen  this  put  in  practice  with  perfect  success,  and  have  heard 
from  others  authentic  experiences  of  it.  The  various  stages  of  the 
process  were  extremely  curious  and  interesting.  At  fii'st  only  a  hat, 
and  perliaps  the  general  appearance  of  an  arm,  or  a  leg,  can  be  caught, 
but  in  a  few  hours  the  expression  of  the  whole  figure  is  seldom  missed. 
No  one  who  had  not  practiced  this,  or  seen  it  done,  would  believe  how 
rapidly  the  observation  and  memory  are  developed  by  this  kind  of 
^'  flash  photograph  "  drawing,  or  what  an  air  of  vivacity  and  motion  is 
imparted  to  the  figures.  I  recommend  the  ])ractice  of  it  specially  to 
those  who  intend  to  draw  for  the  illustrated  newspapers.  They  are 
<»ften  obliged  to  make  notes  or  hasty  sketches  of  moving  masses  of  men, 
and  they  perforce  acquire  a  certain  degree  of  eye-memory.  But  we 
need  only  study  the  details  of  most  of  their  pictures  of  crowds  to  see 
that  it  is  not  highly  develo[)ed  with  them. 

While  collecting  facts  on  eye-memory,  I  wrote  to  Dr.  Oliver  Wen- 
<lell  Holmes  for  information,  and  I  need  not  say  that  1  was  not  disap- 
pointed,as  [  received  from  him  his  M-ork  entitled  Mechanism  in  Tliour/hf 
and  3IoralSj  in  which  I  find  that  tlie  subject  of"  pictured  thought,"  as  a. 
branch  of  conscious  mental  action,  has  not  escaped  his  attention.  He 
lias  ingeniously  illustrated  it  "  by  the  panorama  of  their  past  lives,  said 
by  peojilc  who  have  escaped  from  drowning  to  have  flashed  beft)re  them." 
This  actually  happened  to  Dr.  Holmes  himself,  as  it  did  to  my  brother 
Henry  l^errv  Leland.  I  also  received  from  Dr.  Holmes  the  work  on 
Visions,  by  Dr.  Edward  H.  Clarke,  edited  by  himself.  In  this  book 
that  which  the  author  calls  "  the  power  of  the  will  to  produce  objective 
psemlopiay^  or  to  see  that  which  is  not  before  the  eyes,  is  treated 
almost  exhaustivelv,  as  regards  the  physical  explanation  of  the  faculty. 
^'  Sight,''  says  Dr.  Clarke,  "  is  not  a  function  of  the  eyes,  but  of  the 
brain."  ''There  is  a  way  by  which  volition  plays  with  its  utmost 
energv  upon  the  angular  gyrus,  or  some  other  centre,  and  drives  its 
machinery  into  action.  If  this  can  be  accomplished,  vision  is  accom- 
plished.    When  we  consider  that  there  is  no  part  of  the  body  which 
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ciiimot  1)L'  atfected  somewliut  by  volition,  it  would  he  siiigiilar  it"  the 
visual  tr;vn;^lia  should  be  the  only  ones  withdrawn  from  the  influence 
and  authority  of  the  will."  In  illustration  of  the  fact  that  the  will  can 
reproducer  what  the  eye  has  sean,  Dr.  (Jlarke  cites  the  case  of  a  <r3ntle- 
luin  who,  b'jin<^-  fond  of  statuary,  .suc:!eeded,  after  a  few  trials,  in  j)ro- 
ducinti"  visions  of  statues,  and  even  in  imagining  new  ones.  This 
author  has,  in  my  judgment,  completely  established  the  fact  that  every 
ol)ject  making  an  impression  on  the  brain,  or  visual  ap])ai'atus,  leaves 
an  organic  trace  there,  which  may  Ix;  reproduced  at  an  indefinite  period 
afterwards  by  cerebral  action.  I  find  in  fact,  in  the  Visions  of  Dr. 
C^larke,  as  in  the  3Ientaf  Phydology  of  Dr.  William  B.  Carpenter,  a 
sound  basis  for,  and  a  p3rfec?t  confirmation  of,  all  that  T  claim  as 
regards  eye-memory. 

Goethe  tells  us,  in  his  work  Aus  meinein  Leben,  Wahrheit  und  JJich- 
fuiif/.  that  having  one  day  seen  ideally  a  picture  by  Van  Ostade,  he 
cultivated  the  faculty  so  as  to  afterwards  produce  at  will  subjective 
copies  of  pictures  and  works  of  art.  De  (|uincy  recognized  and  dis- 
tinctly describes  the  faculty  of  recalling  or  creating  visions  at  will.  In 
fact,  the  illustrations  that  this  power  exists  are  so  numerous,  and  the 
[)liysiological  explanations  of  it  are  so  co])ious  and  satisfactory,  that  it 
would  be  impo.ssible  to  bring  them  within  the  limits  of  the  longest  lec- 
ture. But  I  have  not  been  able  to  ascertain  that  any  writer  has  ever 
contemplated  the  deliberate  cultivation  of  volitional  vision  as  an  aid 
to  every  branch  of  intellectual  education  and  of  art.  I  do  not  know 
that  any  one  has  contemplated  the  ])ossibility  of  its  being  introduced 
into  schools  and  taught  in  classes.  I  believe  myself  that  entire  books 
will  be  thus  memorized  with  little  effort,  that  all  which  the  eye  has 
seen  the  tiliined  will  will  revive,  and  that,  far  beyond  all  this,  imagi- 
nation aided  by  volition,  will  evoke  from  the  mystic  brain  cells,  where 
they  lie  by  millions  upon  miWiqn  perdu,  all  manner  of  beautiful  forms, 
and  create  from  them  at  will  others  more  beautiful.  AVould  not  this 
!)('  a  new  life  for  every  man  and  M'oman  of  culture?  A\  ould  not,  in 
■^uch  a  life,  much  that  is  mean  and  much  which  now  degrades  us,  van- 
ish like  mists  before  sunshine?  Yet  all  this  is  just  as  physically  pos- 
sible as  that  sounds  and  sights  should  be  transmitted  by  telegraj)!!  and 
ju'eserved  ad  infinitum. 

But  to  return  to  the  application  of  eye-memory  to  art.  When  I 
was  in  St.  Petersburg,  Russia,  I  found  that  great  attention  was  there 
l)aid,.in  the  School  of_  Design,  to  free-hand  drawing.     The  hapi)iest 
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results  were  secured  l)v  telling  the  pupils  to  study  a  given  object  for 
ten  minutes,  and  then,  the  object  being  removed,  to  draw  it.  Mr, 
John  Sartain  has  told  me  that,  in  his  youth,  his  teacher  of  drawings 
the  celebrated  Varley,  woukl  j)lace  the  image  or  picture  to  be  copied 
in  one  room  and  tell  the  pupils  to  work  in  another,  allowing  them  to 
go,  from  time  to  time,  to  look  at  it.  I  understand  that  the  Russian 
method  has  been  practiced  in  some  schools  in  Philadel])hia.  It  cannot 
be  denied  that  when  the  model  is  always  directly  before  the  pupil  the 
latter  seldom  observes  anything  carefully,  nor  does  he  study  the  rela- 
tions of  the  details  of  form,  light  and  shade  and  color  as  he  would, 
when  memorizing.  I  have  come  to  the  conclusion  that  it  requires  full 
half  an  hour  for  most  people  to  get  by  heart  or  eye  the  simplest  object 
in  the  world — that  is  to  say,  a  billiard  ball,  with  all  its  lights  and 
shadows.  But  when  the  artist  is  compelled  to  get  the  whole  object 
actually  by  heart,  he  studies  the  relations  of  the  diiferent  cpialities  or 
details,  and  develops  in  his  mind  higher  and  much  more  vigorous 
powers  Of  observation.  Thus  trained,  his  eye  sees  more  at  the  first 
glance,  he  becomes  self-reliant,  he  does  not  depend  on  the  thousand 
times  repeated,  half-observant,  glance. 

We  have  all  heard  of  Blake,  the  artist,  who  saw  spectral  delusions, 
or  im.iginary  phantoms,  so  vividly  that  he  used  to  co])v  them.  Once, 
Avhen  he  was  thus  painting  Charles  tiie  First,  as  he  believed,  from  life, 
for  a  friend,  he  stopped  in  his  work.  "  Why  do  you  not  go  on?" 
asked  his  friend.  ''  Because  William  the  Concpieror  has  just  stepped 
in  the  way,  and  before  him,"  answered  Blake,  very  seriously.  I  will 
tell  you  a  story  upon  this  story,  out  of  my  own  experience.  Once,  in 
London,  after  a  dinner  party,  I  was  in  our  host's  library,  with  a 
French  gentleman,  one  of  the  guests.  Finding  that  he  was  evidently- 
well  informed  in  art  matters,  and  as  there  were  several  volumes  of 
Blake's  pictures  on  the  table,  I  showed  them  to  him.  He  had  never 
seen  anything  of  Blake's  before,  so  I  told  him  what  I  could  remember 
of  that  extraordinary  man,  and  how  he  used  to  paint  from  spectral 
delusions.  "  But  he  must  have  been  mad,"  said  the  French  gentle- 
man. "  Not  at  all,"  I  replied  ;  ''  he  was  almost  a  genius — enfin  mon- 
xicrir,  cetait  uii  Dore  manqui — he  was  almost  a  Dor(^."  The  point  of 
this  remark  was  not  apparent  to  me  till  some  time  afterwards,  when  I 
learned,  to  my  astonishment,  that  it  was  to  Monsieur  Dore  himself 
that  I  had  addressed  it ! 

Monsieur  Dore   is  an  artist  of  wonderful   invention   and  of  oi'eat 
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lertilily,  but  1  know  of  none  in  whom  the  j)ublic  have  perceived  .so 
preci.sely  what  his  limits  are.  AVe  know  what  he  knows  by  heart,  and 
\\hat  his  eye-memory  has  mastered,  and  wlu-u  lie  i-  drawiiii;-  on  tlie 
•old  stock  figures.  Had  \w.  cultivated  the  facidty  of  visual  memory  in 
youth  to  perfection,  he  would  have;  avoided  such  mannerism  a.s  we 
-ob.serve.  For  it  evidently  would  fill  the  mind  with  facts  or  objects 
which  would  be  in  the  highest  degree  suggestive  and  inspiring.  We 
have  all  found  in  our  own  experiences  that  we  remember  certain  scenes 
with  great  vividness  when  certain  persons  or  certain  pleasurable  associa- 
tions are  connected  with  them.  We  remember  the  brow  of  the  hill,  the 
:jimber  sunset  sky,  the  foliage  like  dark  bronze  against  it,  because  some 
young  lady,  perhaps,  caused  us  to  remember  it.  Our  will  was  uncon- 
sciously exerted.  This  association  of  scenes  with  persons  and  events 
Jias  become  [)art  of  the  stock-in-trade  of  the  modern  novelists.  We 
i\\\  know  how  a  certain  .scene  was  indelibly  branded  in  the  heroine's 
memory — how,  to  the  end  of  her  days,  the  ticking  of  the  clock  and 
the  ])atterns  in  the  carpet  all  ro.se  up  whenever  anything  recalled  that 
awful  hour.  Yet  there  is  a  basis  for  curious  or  valuable  observation 
in  all  this.  We  have  in  it  a  confirmation  of  my  assertion  that  there 
.tire  causes  which  will  strengthen  and  develo})  to  an  unusual  degree 
<)ur  memory  of  objects. 

I  have  said  that  the  power  of  memory  by  sight  may  be  increased  to 
11  degree  of  which  w^e  have  no  conception,  and  also  that  young  people, 
.lis  De  Quincy  declares,  po.sse.ss  this  power  more  than  those  advanced 
in  life.  To  prove  this  I  will  read  to  you  a  pas.sage  from  the  life  of 
the  celebrated  French  conjuror,  Robert  Houdin.  It  was  this  passage 
which  first  attracted  my  attention  to  eye-memory,  and  caused  me  to 
retleet  on  the  indefinite  degree  to  which  it  may  be  extended  in  educii- 
ition  es[)8eially  in  that  of  artists.  I  must  premise  that  this  famous 
juggler  had  invented  a  trick,  called  Second  Sight,  which  I  .saw  per- 
formed by  him  and  his  son  in  Paris  in  1848.  He  found  that  to  effect 
ihis  it  was  necessary  to  cultivate  not  merely  his  mental  memory  to  an 
■extraordinary  extent,  but  to  remember  things  as  they  appeared.  The 
trick  consisted  effectively  of  getting  by  heart,  or  remembering,  the 
•exact  appearance  of  every  object  which  might  by  any  po.ssibilitv  be 
brought  by  anybody  to  his  exhibition.  The  son  of  Houdin,  a  boy, 
was  blindfolded ;  the  father,  in  another  part  of  the  hall,  looked  at  the 
-subject,  and    his  son   promptly  described   it.     There  \\'as,  of  course,  a 
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method  of  secretly  sigualling  from  one  to  the  other ;  this  is  sometime- 
effected  by  a  telegraphic  wire  in  the  floor,  worked  by  the  foot. 

"  I  resolved,"  says  Robert  Houdin,  "  on  making  some  experiments 
with  my  son  Emile,  and  in  order  to  make  my  young  assistant  under- 
stand the  nature  of  the  exercise  we  were  going  to  learn  I  took  a  dom- 
ino, the  4 — 5  for  instance,  and  laid  it  before  him.  Instead  of  letting 
him  count  the  points  of  the  two  numbers,  I  requested  him  to  tell  me 
the  totjil  at  once. 

"  '  Nine,'  he  said. 

''  Then  I  added  another  domino,  the  4 — 3. 

''  '  That  makes  sixteen,'  he  said   without  any  liesitation. 

"  I  stopped  the  first  lesson  here ;  the  next  day  we  succeeded  in 
counting  at  a  glance  four  dominoes ;  the  day  after,  six :  and  thus  at 
length  we  were  enabled  to  give  instantaneously  the  product  of  a  dozen 
doiuinoes. 

"  This  result  ol)tained,  we  ap[)lied  ourselves  to  a  far  more  difhcult 
task,  over  which  we  spent  a  month.  My  son  and  I  passed  rapidly 
l)efore  a  toy-shop,  or  any  other  displaying  a  variety  of  wares,  and  cast 
an  attentive  glance  upon  it.  A  few  steps  further  on  we  drew  paper 
and  pencil  from  our  pockets,  and  tried  which  could  describe  the  great- 
est munber  of  objects  seen  in  passing.  I  must  own  that  my  son  far 
excelled  me,  for  he  would  often  Avrite  down  forty  objects,  while  I 
could  scarcely  recall  thirty.  Often  feeling  vexed  at  this  defeat,  I 
would  return  to  the  shop  and  vcrifv.  his  statement ;  but  he  rarely 
made  a  mistake. 

"  My  male  readers,"  continues  ^lonsieur  Houdin,  "  will  certainly 
understand  the  jjossibility  of  this,  but  they  will  recognize  the  diffi- 
culty. As  for  my  lady  readers,  I  am  convinced  that  they  will  see 
nothing  reuiarkable  in  it,  for  they  daily  perform  far  more  astounding 
feats.  Thns,  for  instance,  I  can  safely  assert  that  one  lady  seeing 
another  lady  pass  at  full  speed  in  a  carriage,  will  have  had  time  to 
analyze  her  toilette,  from  her  bonnet  to  her  shoes,  and  be  able  to 
describe  not  only  the  fashion  and  quality  of  the  stuffs;  but  also  say  if 
the  lace  be  real,  or  only  machine-made.  I  have  known  ladies  to  do 
this.  This  natural  or  acquired  faculty  among  ladies,  but  which  my 
son  and  I  had  only  gained  by  constant  practice,  was  of  great  service 
in  my  performances ;  for,  while  I  was  executing  my  tricks,  I  could 
see  everything  that  passed  around  me,  and  thus  prepare  t<:>  foil  any 
difficulties  presented  me." 
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Jlav^iiij^  thus  cnltivatxid  observation  and  inoniorv,  the  juggler  and 
his  son  j^roeeeded  to  render  themselves  familiar  with  an  intrredible 
variety  of  small  objeets.  Conjecturing,  as  the  result  afterwards 
proved,  that  they  would  have  many  curiosities  or  antiques,  such  as  old 
■coins,  arms  and  jewelry,  brought  to  them  to  describe,  they  visited  manv 
nuiseums.  It  is  very  evident,  not  merely  from  Iloudin's  own  account, 
but  from  what  was  practically  shown  in  his  public  exhibitioiis,  that  in 
ii  few  months  the  father  and  son  added  incredibly  to  their  stores  of 
knowledge  or  information,  retaining  a  vivid  picture  of  every  object 
which  they  deliberately  willed  to  remember.  Having  developed  the 
'eye-memory  by  hard  work  up  to  such  a  point  that  they  could  see  a 
thing  almost  as  clearly  as  if  the  original  object,  or  indeed  \vhole  rows 
of  such  objects  Avere  present,  they  found  that  the  faculty,  once  well 
acfpiired,  kept  itself  in  action  with  ordinary  practice.  They  now 
learned  very  readily  the  characters  or  letters  of  many  languages,  such 
as  Greek,  Hebrew,  Chinese,  JRussian  and  Turkish,  the  names  of  all 
surgical  instruments,  and  of  many  other  technical  objects.  Walking 
through  a  library,  they  could  recollect  the  appearance  of  ^vllole  rows 
of  l)ooks,  with  the  titles  on  their  backs. 

There  can  be  no  (piestion  that  llobert  Houdin  was  an  unusually 
clever  man,  of  great  powers  of  observation  and  quickness,  which  had 
been  greatly  improved  by  the  practice  of  juggling.  Yet,  making 
every  allowance  for  his  remarkable  talent,  I  am  all  the  more  con- 
vinced that  his  experiences  and.  discoveries  indicate  that  the  faculty  of 
iin  indefinite  develojniient  of  eye-memory  exists  in  every  one,  espe- 
cially in  the  young,  and  that  it  will  at  some  future  day  enter  largely 
into  education,  and  form  its  physical  basis.  Anybody  can  verify  for 
himself  the  simple  fact  that  any  object  may  be  eye-memorized  by  spe- 
cial study.  No  casual  observation,  unaccompanied  by  the  will  to 
remember,  will  enable  us  to  do  so  much  as  can  be  effected  by  deter- 
mined effort.  We  may  see  a  lace  a  thousand  times,  and  yet  in  most 
cases  we  cannot  recall  it  so  accurately  tor  artistic  purposes  as  if  we  had 
deliberately  studied  it  a  dozen  times  with  that  object.  But  it  is  espe- 
cially to  art  students  that  I  commend  the  practice  of  it.  When  you 
are  copying  an  object,  it  makes  a  very  great  difference  indeed  whether 
you  look  very  carefully  at  the  original,  and  into  its  every  condition, 
or  merely  glance  at  and  set  down  what  you  half  observe  and  half 
imagine.  For  it  is  a  fact  that  in  the  most  accurate  copying  we  draw 
largely  upon  our  imaginations.     We  are  copying,  let  us  say,  a  vase  or 
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a  book,  and,  liaviiig  secured  a  general  conception  of  its  proportions, 
we  ])roceed  bv  speculation  or  fancy  more  than  we  are  ourselves  aware 
of.  As  I  have  already  said,  when  the  model  is  directly  before  the 
pupil,  he  does  not  generally  study  it  carefully  as  a  whole,  nor  observe 
or  memorize  the  proportions  of  its  diiferent  parts.  He  copies  it  sim- 
ply part  by  part.  Now  I  ^vould  urge  that  the  wonderful  power  of 
eye-memory,  or  of  recalling  objects  exactly  as  they  appear,  should  be 
deliberately  cultivated,  especially  in  the  young.  I  think  that  by  prac- 
ticing as  Robert  Houdin  practiced  with  his  son,  and  by  competing 
as  they  competed,  very  remarkable  results  would  very  soon  be 
obtained.  The  pupils  need  not  be  taken  aUout  to  shop  windows ; 
sjielves  and  tables,  at  home,  witii  objects  arranged  on  them,  would 
answer  the  purpose  for  primary  lessons. 

The  next  stej),  which  goes  beyond  all  that  Robert  Houdin  conceived, 
just  as  it  transcends  the  ordinary  object-teaching  of  the  Kindergarten, 
is  the  photographing  some  one  objec-t,  as,  for  instance,  a  statue,  so 
indelibly  upon  the  eye  and  memory  by  the  exercise  of  close  observa- 
tion, will,  and  renewal  in  the  memory,  that  it  can  even  serve  as  a 
visible  iiiodel.  In  children  "who  cannot  draw,  the  faculty  may  be 
developed  by  examining  them  on  ma])S  and  the  relative  boundaries  of 
States.  This  is  oft  en  done  now,  but  wiien  I  was  at  school  maps  were 
indeed  hung  before  the  scholars,  and  we  were  required  to  learn  them, 
yet  it  never  entered  into  our  teacher's  head,  or  into  our  own,  that  the 
whole  map  might  luive  been  learned  in  less  time  by  visual  memory — 
hv  looking  at  and  closing  our  eyes,  and  recalling  at  first  the  different 
colors  of  the  different  States,  and  then  their  relative  ])osition,  and 
finally  their  shapes.  The  method  l)y  which  this  process  of  getting, 
for  inst4Ui(!e,  a  map,  by  eye,  and  even  the  peculiar  processes  l)y  which 
different  people  will  attempt  it,  are  well  described  l)y  Dr.  Haslain 
(Sound  Mind),  who  in  turn  is  commented  on  by  Dr.  A.  L.  ^\'igan 
in  his  Duality  of  Mind  (p.  313-14). 

But  it  would  be  well  if  children  could  all  draw,  since  drawing 
and  memory  are  great  mutual  aids.  I  quite  agree  with  Froebel,  the 
Kindergarten  philosopher,  that  it  is  highly  important  that  a  child 
should  acquire  some  facility  in  drawing  even  before  he  learns  to  read 
and  write,  since  the  representation  of  actual  things  should  precede  the 
representation  of  signs  and  words.  In  connection  with  the  subject  of 
object-teaching  and  drawing,  Emily  Shirreff,  the  author  of  the  Intel- 
lectual EduGation  of  Women,  observes  that   "  it  would   be  curious  to 
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iin|iiirt'  how  \\\\\r\\  of  the  h)Ose  thiukin;^,  the  lin'-^y  psreeption  oftrdth, 
which  (rhaiM'-tei-ize  the  m-ijority  of  even  the  eJir^ited  portion  of  nun- 
kind,  ini<!;ht  be  traced  back  to  the  abs  micj  of  any  definite  inapression.s 
wiixiUi  in  childhood  in  connection  with  the  instructions  given  to  them. 
Outside  the  school-room  they  a'-  (uire  definite  impressions,  but  they 
arc  a'^quired  at  random,  and  may  l)e  wholly  wanting;  in  accuracy." 

I  To  ln'  continiUMl.  i 


ELECTRIC  TIME  TELElHiAPHS. 


Keiid  liclnre-  till-  I'rankliii  institnte  at  its  ineetinsi'  Marcli  17th,  ISSO. 

Bv   LoiTis   n.  Sim:i>lier. 


Tiiere  are  two  classes  of  electric  (docks — the  electric  clock  proper,  or 
the  clectro-mag-netic  pendulum,  and  the  electro-magnetic  time  tele- 
<rrai)h.  The  former  has  been  to  this  day  more  of  a  scientific  curiosity 
than  a  useful  invention.  It  is  only  the  latter,  the  electric  time  tele- 
o;raph,  which  has  proved  a  partial  success.  As  the  name  indicates, 
thev  are  instruments  which  receive  the  time  telegraphed.  For  this 
pin-pose  a  standard  clock,  which  in  certain  intervals  of  time  completes 
or  breaks  the  circuit  of  a  galvanic  battery,  is  needed.  Although  many 
and  various  in  construction,  they  all  resemble  each  other  very  closely 
in  their  most  essential  parts. 

Thev  mainly  depend  upon  the  action  of  one  electro-magnet  and  one 
armature.  The  latter  is  a  piece  of  iron,  which  is  attracted  by  the  poles 
of  the  electro-magnet,  when  the  telegraphing  clock  comi)letes  the  cir- 
cuit of  a  galvanic  battery  connected  with  it.  As  soon  as  the  clock 
breaks  the  circuit  again  the  armature  is  repelled  to  its  former  position, 
bv  a  spring  oi'  weight.  This  movement  of  the  armature  turns  a  wheel 
which  drives  time-indicating  machinery,  and  is  repeated  as  often  as 
this  machinery  requires  to  indicate  the  time  of  the  clock,  which  makes 
or  breaks  the  electric  circuit. 

Such  instruments  work  very  well,  if  the  action  of  the  armature  is 
needed  about  once  every  minute,  but  if  repeated  every  second  or  two,, 
then  its  imperfections  become  apparent.  The  movement  of  the  arma- 
ture is  sudden  and  rapid.  With  a  lightning-like  velocity  the  armature 
moves  toward  the  magnet,  and  is  checked  instantaneously  in  its  rapid 
progress  just  at  a  time  when  nearest  the  magnet  and  most  powerfully 
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attracted.  Naturally  the  wheel,  which  receives  its  moviiio-  im[)iilse 
directly  from  the  armature,  moves  with  the  same  rapidity  and  is  checked 
as  suddenly.  Those  sudden  checks,  oifered  to  the  armature  and  wheel  ^ 
.show  their  damaging  results  in  a  comparatively  short  time,  and  soon 
impair  the  correctness  of  such  instruments. 

In  correcting  these  destructive  evils  I  never  succeeded  com[)letely 
until  an  entirely  new  system  suggested  itself  to  me,  and  of  Avhicli  the 
accompanying  figure  shows  the  principle. 


Instead  of  one  armature  I  have  a  number  of  them,  0,  fastened  at 
equal  distances  around  the  circumference  of  wheel  B.  With  B  on 
the  same  axle  another  wheel  is  fastened,  having  as  many  cogs,  of 
the  })eculiar  shape  shown  in  the  figure,  as  B  has  armatures.  F  is  a 
lever  with  its  oscillating  centre  at  g,  and  has  a  pulley,  J>,  which 
presses  against  the  circumference  of  the  wheel  B  by  the  weight  H. 
I  i  is  the  electro-magnet.  The  electro-magnet  is  connected  with  a  oal- 
Whole  No.  Vol.  CIX.— (Third  Series,  Vol.  Ixxix.)  24 
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vanic  battery,  (»!'  wliicli  the  circuit  is  closed  ami  opened  by  the  o.s(;illa- 
tioii.s  of"  a  peiidiiliim.     The  in.struiiient  acts  in  the  following  manner: 

\V  hen  the  current  ot"  the  oalvaiiic  battery  is  do.setl,  the  armature  C 
will  be  attracted  by  the  electro-magnet,  and  move  A  and  B  in  the 
direction  indicated  by  the  arrow,  and  stoi)S  as  soon  as  C  is  directly 
over  it.  When  in  this  position  the  |)idley  J)  rests  upon  the  upper 
))art  of  the  cog,  and  presses  against  it.  As  soon  as  the  electric  cur- 
rent is  disconnected,  and  the  electro-magnet  discharged  of  its  magnet- 
ism, the  pressure  of  the  })ulley  J)  against  the  cog  moves  B  in  the 
direction  indicated  by  the  arrow,  and  sto[)s  moving  when  the  pulley 
has  reached  the  deepest  point  of  the  cog.  This  movement  of  B  luus 
brought  the  next  armature,  C,  near  to  the  magnet  /.  This  armature 
will  now  be  attracted  at  the  next  closing  of  the  electric  current. 
Then  B  will  be  mo^•ed  again,  and  the  cog  will  take  the  first  posi- 
tion, ahd  the  pulley  D  presses  upon  it,  ready  to  move  the  wheel 
as  soon  iis  the  electro-magnet  is  again  discharged  of  its  magnetism  ;  and 
so  on,  alternately,  the  electro-magnet  and  the  ]nilley  will  interchange 
their  action,  and  keej)  B  revolving  in  the  manner  as  the  pendulum 
of  the  clock  comiects  and  dis(;onnects  the  electric  current. 

The  object  in  view,  to  avoid  the  sudden  check  to  the  armature,  is 
hereby  accomj)lished.  No  sudden  check  is  oti'ered  to  the  armature, 
but  when  attracted  it  swings  for  a  moment  in  short  vibrations  over  the 
magnet  before  it  comes  to  rest.  It  is  comparatively  noiseless  in  its 
movements,  its  sound  Jbeing  hardly  per(!eptible.  In  this  respect  it  is 
very  much  unlike  other  time  telegraphs,  whose  clapping  noise  is  their 
constant  companion. 

A  time  telegraph  of  this  kind  in  operation  at  the  monthly  meeting 
of  the  Franklin  Institute  had,  like  the  accompanying  figure,  fifteen 
armatures  (the  wheel  on  which  they  w^ere  mounted  measuring  five 
inches  and  one-half  in  diameter),  and  two  electro-magnets.  With  six 
cells  of  a  Daniell  Battery  it  proved  to  have  ample  power  to  drive  four 
dial  works  for  dials  5  feet  6  inches  in  diameter.  It  may  have  as  many 
electro-majjuets  as  it  has  armatures.  This  is  a  circumstance  of  some 
importance,  since  it  will  increase  its  driving  capacity  with  each  addi- 
tional electro-magnet  without  adding  materially  to  the  size  of  the 
instrument. 

Whatever  the  reason  may  be,  there  is  no  doubt  that,  to  this  day,  the 
time  telegraphs  have  not  received  such  notice  as  they  really  deserve. 
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Their  service  can  be  more  useful  aud  general  than  is  mostly  admitted. 
If  we  consider  that  we  can  control  bv  one  correct  time-piece  just  as 
many  time  telegraphs  to  indicate  true  time  as  necessity  or  fancy 
requires,  providing  there  is  battery  power  enough  to  move  them,  we 
have  reason  to  believe  that  they  still  may  come  into  general  use  in 
hotels  and  public  buildings,  wliere  true  and  equal  time  in  every  room 
of  the  house  is  desirable. 

But  there  is  still  another  field  of  great  importance  for  the  time 
telegraph. 

It  has  been  a  problem  of  great  perplexity,  to  this  day,  with  the 
most  ingenious  minds  of  the  horological  world,  how  to  construct 
clocks  which  will  overcome  the  effects  of  wind  and  storm  beating 
against  the  exposed  clock  dials  of  public  clocks.  It  is  true,  Remon- 
toires  and  Gravity  Escapements  have  been  invented  to  remedy  the 
evil,  and  clocks  may  go  better  with  them  than  without  them ;  but, 
nevertheless,  all  these  .ingenious  contrivances  have  almost  as  many 
evils,  on  account  of  their  complication,  as  they  are  designed  to  avoid. 
And  here  it  is  where  the  time  telegra])h  has  its  future.  A  well-regu- 
lated clock,  kept  at  a  place  of  even  temperature,  will  show  but  very 
little  variation  of  time.  If  such  a  clock  controls  a  time  telegraph 
adapted  for  tower  or  public  clocks,  it  will  show  the  time  with  only 
such  slight  variation  as  will  hardly  be  noticed  by  the  public. 

One  objection  raised  against  time  telegraphs — the  use  of  the  galva- 
nic battery — can  be  an  objection  no  longer.  Its  treatment  is  now 
almost  generally  understood  since  it  has  found  its  way  into  so  many 
branches  of  business  of  everv-day  life.  There  is  little  room  left  to 
doubt  that  when  the  utility  of  the  time  telegraphs  is  once  recognized 
it  will  receive  more  deserved  notice  and  be  brought  into  more  general 
use ;  and  the  time  may  not  be  far  distant  when  the  subtle  power  of 
electricity  will  regulate  all  our  better  class  of  tower  or  other  public 
clocks. 


International  Postage  Stamps.— France  and  Belgium  have 
entered  into  negotiations  for  the  establishment  of  a  joint  postage 
stamp.  If  the  plan  is  carried  out  the  payment  of  small  sums  could 
be  made  bet^veen  the  two  countries  in  stamps.  ^Moreover,  in  letters 
requii"ing  answers,  stamps  could  be  enclosed  for  the  reply,  a  thing 
which  is  now  impossible.  —  Chron.  Indust.  C. 
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( IMS  ciit^iiie.s  luive  lately  been  l)roii<;;]it  so  [H'oniiiieiitly  Ix-tbre  the 
{Mihlic  at  tlu'  different  exhibitions  of  i^as  appliances,  held  by  gas  com- 
panies in  various  })arts  of  the  country,  that  a  few  words  about  their 
history,  and  a  short  description  of  those  at  present  in  the  market,  may 
j)rove  of  interest  to  our  readers. 

It  is  not  our  intention  to  go  deeply  into  the  principles  of  gas  engines,, 
but  to  give  a  short  rifnime  of  what  has  been  done  to  develoj)  these 
engines  from  the  earliest  up  to  the  present  time.  That  the  j)rejudice 
that  originally  existed  against  this  class  of  engines  is  being  rapidly 
overcome  is  evident  by  the  variety  of  purpo.ses  to  which  they  are  now 
being  applied.  This  prejudice  was  now  doubt  originateil  by  the  fail- 
ures of  the  early  engines,  before  the  combustion  and  combination  of 
gases  had  been  thoroughly  investigatetl.  The  feeling  was  also  greatly 
increased  by  the  jealousy  of  small  steam  engine  makers,  \vho  saw  in 
these  new  engines  formidable  rivals  to  their  own  [)roductions,  and 
naturally  cried  down  the  new  comers. 

Tlie  first  patent  for  what  may  really  be  called  a  gas  engine  ua- 
taken  out  in  the  year  1791  by  one  John  Barber.  It  is  described  in 
his  specification  as  "a  patent  for  using  inflammable  air  for  the  purpose 
of  procuring  motion."  Coal,  wood  or  oil,  or  any  other  combustible 
matter  was  placed  in  a  retort,  and  the  smoke  or  va[)or  collected  and 
cooled  in  a  reservoir.  It  was  thence  conveyed  by  an  air  pumj)  to  a 
compressor  or  regulating  bellows  which  supplied  an  exploder.  Com- 
mon air  was  then  injected  in  due  proportion,  and  the  explosion  was 
then  effected  by  means  of  a  light.  Here  then  is  roughly  the  prin(*i])le 
of  some  of  the  most  modern  gas  engines. 

In  the  year  1794,  Thomas  Mead  obtained  a  patent  for  an  apparatus 
bv  means  of  which,  when  air,  gas  or  other  elastic  fluid  came  in  contact 
with  ignited  combustible  matter,  or  felt  the  power  of  heat  in  a  confined 
spaci',  it  became  decomposed  and  expanded  by  the  heat,  and  l)y  the 
evolution  and  expansion  of  its  component  parts  acted  on  a  piston  and 
exerted  power.  His  specification  also  .shows  how  he  obtained  a  vacuum 
under  his  })iston  which  the  atmosphere  pressed  on  and  forced  it  l)ack. 
This  is  in  part  the  principle  on  which  the  Otto  and  Laiigen  atmo- 
spheric engine  acted,  which  is  described  further  on  in  tliis  j^aper. 
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The  principle  of  the  hydrocarbon  engine,  mannfactured  by  George 
Bra}-|(tn,  of  America,  and  bv  Messrs.  Thompson,  Sterne  &  Co..  of 
Glasgow,  \yas  partly  anticijiated  by  Robert  Street,  who  in  1794 
ol)tained  a  patent  for  an  apparatus  from  which  he  proposed  to  obtain 
motive  power  by  means  of  a  few  drops  of  spirit  of  tar  or  turpenti'ne 
being  poured  upon  the  heated  bottom  of  a  cylinder,  and  thas  being 
converted  into  vapor.  Air  was  then  sucked  into  the  cylinder,  and  an 
•explosive  mixture  formed,  whicJi  when  ignited  forced  up  the  piston, 
and  thus  by  suitable  mechanism  gav^e  motion  to  machinery. 

The  first  mention  we  find  of  automatically  governed  engines  is  in  a 
patent  granted  in  the  year  1833  to  Lemuel  Wright.  The  specifica- 
tion mentions  that  governors  were  applied  to  the  engine  to  regulate  the 
quantities  of  gas  or  air  supplied  to  the  cylinders.  Various  patents 
Avere  granted  between  this  time  and  1860,  Avhich  appear  to  have  been 
more  or  less  imi)rovements  of  the  afore-mentioned  patents,  but  none 
■came  into  practical  use.  In  1860  we  find  a  communication  from  J. 
Lenoir  was  granted  a  ])atent  for  an  invention  consisting  of  the  appli- 
cation and  use  of  an  inflammable  gas  mixed  with  a  proper  proportion 
•of  atmos|)lieric  air,  and  ignited  inside  a  cylinder  by  means  of  electricitv. 
The  ex|)losion  thereby  produced,  acting  on  a  piston,  produced  motion, 
which  was  transmitted  to  a  driving  shaft.  The  supplv  of  gas  was 
regulated  by  a  suitable  governor.  Tn  the  same  year  Pierre  Hugon 
obtained  a  patent  for  an  engine  somewhat  similar  in  ])rinciple  to  the 
above.  These,  we  believe,  were  the  first  two  gas  engines  which  came 
iiito  anything  like  practical  and  general  use.  Later  on — in  1860 — 
Pierre  Hugon  obtained  a  provisional  protection  for  improvements  in  his 
former  specification.  This  applied  to  an  imijroved  method  of  lighting 
his  charge,  for  which  purpose  he  used  red-hot  platinum  wires.  These 
•  engines  were  made  double-acting,  and  great  difficulty  was  experienced 
in  keeping  the  cylinders  cool.  They  were  found  to  be  uneconomical 
in  practice,  and  never  came  into  very  extended  use.  A  few  of  them 
may,  however,  still  be  found  at  work  in  various  parts  of  the  country. 

The  first  patent  taken  out  in  connection  with  the  well-known  atmo- 
spheric gas  engine  of  Messrs.  Otto  &  Langen,  of  Deutz,  near  Cologne 
— afterwards  manufactured  by  Messrs.  Crosley  Brothers,  of  INIanches- 
ter,  the  ])resent  makers  of  the  "  Otto"  engine — was  in  the  year  1863, 
and  was  improved  in  1866.  In  this  engine  an  explosive  mixture  of 
air  and  gas  drives  up  a  light  piston  attached  to  a  rack  in  gear  with  a 
>spur  wheel  on  the  fly-wheel  shaft.     This  wheel  is  not  connected  with 
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the  shaft,  hilt,  hv  nicaiis  of  a  ratclict  wheel  or  friction  chiteh  nieehaii- 
isiu,  allows  the  piston  to  fly  uj)  free  of  the  fly-wheel  shaft  when  the 
explosion  takes  place  ;  and  on  a  partial  vaciuDu  bein<>-  formed  under 
the  piston  by  means  of  the  condensation  of  the  products  of  the  explo- 
sion, the  piston  descends  by  the  pressure  of  the  atmosphere.  The  fric- 
tion clutch  is  then  thrown  into  gear,  and  imparts  motion  to  tlie  fly- 
wheel shaft.  This  engine  was  found  to  be  extremely  economical  in 
[)ractice,  only  21  cubic  feet  of  gas  per  indicated  horse-power  per  hour 
being  consumed.  Upwards  of  4000  engines  were  made  on  this  prin- 
cijale,  and  a  large  number  are  at  present  doing  gof)d  work. 

In  January,  1874,  a  communication  from  Frederick  (xilles,  of 
Cologne,  was  granted  a  patent  for  improvements  in  motors  worked  by 
gas,  as  follows:  An  elongated  cylinder  open  at  one  end  is  provided 
with  two  pistons,  a  loose  one,  and  a  "Avorking"  one,  connected  in  the 
usual  way  to  a  crank  on  the  main  shaft,  which  is  provided  with  a  fly- 
Mdieel.  Assuming  the  working  piston  to  be  at  the  extremity  of  its 
inward  stroke,  on  turning  the  fly-wheel  it  is  drawn  towards  the  outer 
end  of  its  stroke,  followed  by  the  loose  piston,  until  the  latter  is 
stopped  by  a  crosshead  on  the*  rod  attached  to  it.  The  working  ])iston 
continuing  its  movement  causes  a  partial  vacuum  behind  it,  in  the 
space  between  it  and  the  loose  piston.  The  charge  of  mixed  gas  and 
air  is  then  admitted  into  this  space  and  is  exploded.  The  force  of  the 
explosion  causes  the  working  piston  to  move  onwards  to  the  end  of  its 
stroke,  and  at  the  same  time  forces  the  loose  piston  to  move  quickly 
in  the  opposite  direction.  A  vacuum  is  formed  between  them,  which 
draws  up  the  working  piston,  while  the  loose  piston  is  held  fast  at  the 
top  of  the  cylinder  by  suitable  mechanism.  When  the  working  piston 
nears  the  top  of  its  inward  stroke,  the  loose  piston  is  released,  and 
falling  rapidly  expels  the  products  of  combustion  at  the  exhaust  valve, . 
and  the  action  is  then  repeated.'  As  will  be  seen  from  the  above  des- 
cription^ the  engine  is  made  with  the  cylinder  vertical.  The  English 
licensees  were  Messrs.  L.  Simon  &  Son,  of  Nottingham,  who  made 
several  of  these  engines. 

The  engine  bears  a  i-emarkably  close"  resemblance  to,  and,  in  fact,, 
mav  almost  be  said  to  have  been  anticipated  by  a  patent  taken  out  in 
May,  1864,  bv  Francis  Wenham,  for  "an  engine  worked  by  explo- 
sive mixtures."  The  specification  describes  an  engine  Avhose  action, 
appears  to   have  been   precisely  similar  to  the  above.     We  are  not. 
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aware,  however,  that  an  enguie  made  aceordiug  to  liis  specification  was 
ever  brought  out. 

In  May,  1876,  Messrs,  Otto  &  Laugen,  of  Deutz,  took  out  a  })atcnt 
for  a  gas  engine,  which,  after  several  modifications  and  im])rovements, 
resuked  in  the  production  of  the  now  well  known  "  Otto  "  silent  gas 
engine,  whicli  has  since  come  into  such  extended  use.  Indeed,  there 
are  few  large  tpwns  in  England  where  many  of  these  engines  may  not 
be  found  at  work.  The  principle  on  which  this  engine  works  opened 
an  entirely  new  field  to  scientists  and  engineers,  and  it  may  be  looked 
on  as  the  forerinnier  of  an  entirely  new  class  of  gus  engines.  This  was 
the  first  engine  in  whicli  a  gradual  expansion  of  the  charge  of  gas  and 
air  was  utilized,  thus  insuring  great  economy  in  working.  By  intro- 
ducing a  diluent  of  atmospheric  air,  or  other  neutral  gas  in  sufficient 
(piantity,  witli  a  small  charge  of  coal  gas,  the  highly  exj)losive  nature- 
(tf  a  ])urer  mixture  of  oxygen  and  liydi'ogen,  or  air  and  coal-gas,  is 
reduced  witliin  an  easily  manageable  compass.  The  charge  is  com- 
|)ressed  in  the  cylinder,  and  then,  on  a  light  being  admitted,  is  exjiloded,, 
or,  to  speak  more  correctly,  "  burned,"  and  this  ignition  expanding  the 
neuti-al  remainder  of  the  charge,  a  well  sustained  and  but  gradually 
diminishing  pressure  is  brought  to  bear  on  the  piston  throughout  the 
length  of  the  stroke,  and  a  total  absence  of  shock  to  the  working  parts 
is  thus  insured.  We  have  seen  diagrams  taken  from  these  engines 
at  work,  and  they  show  a  beautifully  regular  expansive  curve,  falling 
gradually  from  160  lbs.  at  the  commencement  of  the  stroke,  to  about 
40  lbs.  on  the  opening  of  the  exhaust  valve.  A  chief  advantage  that 
this  engine  possesses  over  others  in  the  market  is  that  it  performs  in 
one  cylinder  \vhat  others  are  comi)elled  to  do  in  two,  namely,  the  com- 
pression and  ignition  of  the  charge,  the  cylinder  being  used  alternately 
as  a  pump  and  a  motor.  The  fly-wheel  consequently  makes  two  com- 
])lete  revolutions  for  one  charge  of  gas  when  the  engine  is  doing  full 
work.  On  starting  the  engine,  the  first  (mt  stroke  of  the  piston  sucks 
in  the  charge  of  gas  and  air,  which  is  compressed  by  the  first  inward 
stroke  of  the  piston  ;  the  charge  is  then  fired,  and  the  piston  conse- 
(piently  forced  outwards  again,  and  the  second  return  stroke,  performed 
by  the  momentum  of  the  fly-wheel,  expels  the  products  of  combustio]i 
at  the  exhaust  valve,  and  the  operation,  as  above  described,  is  repeated. 
The  engijie  is  horizontal  and  single-acting,  the  charge  being  admitted 
behind  the  piston.  The  amoinit  of  gas  used  is  in  proportion  to  the 
work  taken  out  of  the  engine,  and  is  regulated  by  an  extremely  sensi- 
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live  governor.     The  ('on,smnj)tioii  of  gas  by  tlic  "Otto"  wlien  doing 
f'nll  work  is  about  22  cubic  feet  per  indicated  horsc-})ower  per  hour. 

Messrs.  Ijouis  Simon  &  Son,  of  Nottingliani,  took  out  a  patent  in 
ISTT  f(»r  "Improvements  in  Atmospheric  Gas  Engines."  Atmospheric 
air  is  comj)ressed  by  a  |)um])  and  stored  in  a  reservoir,  from  wliich  it 
is  \vith(b-awn  and  utilized  in  fixed  (piantities  by  suitable  valves  under 
control  of  the  moving  mechanism  after  the  engine  is  iirst  started. 
With  the  specification  is  a  (h'awing  of  a  verti(;a!  engine  with  the  j)ump 
alongside  the  cylinder.  In  this  arrangement  the  bed-plate  is  a  hollow 
i^asting,  and  is  used  as  a  I'eservoir  for  the  compressed  air.  In  Febru- 
ary, 1878,  Messrs.  Simon  took  out  a  patent  for  an  engim;  with  inverted 
vertical  cylinder  and  pump,  motion  being  imparted  to  the  crank  shaft 
by  means  of  an  oscillating  beam  and  connecting  rod.  The  invention 
<ronsists  in  the  introduction  of  steam  into  the  cylinders  of  gas  engines. 
Steam  is  exj)auded  by  the  heat  of  the  cylinder,  and  by  the  heat  devel- 
<)j)ed  by  the  combustion  of  a  mixture  of  gas  and  air,  and  thus  adds 
powi-r  and  economizes  gas.  The  engine  is  somewhat  the  same  in  priii- 
<'iple  as  the  "  Otto,"  inasnuu?h  as  the  charge  of  gas  and  air  is  com- 
pressed, and  ignited  under  comj)ression,  but  diifers  from  it  in  that  this 
engine  ignites  its  charge  once  for  every  revolution,  and  by  means  of 
the  pump,  forces  the  combustible  mixture  into  the  cylinder  during  a 
part  of  the  stroke.  Eventually  the  beam  was  dispensed  with,  and  the 
engine  is  now  made  in  the  form  fully  illustrated  and  described  in  No. 
1203''%  vol.  xlvii,  of  The  Engineer.  It  has  a  novel  institution  in  the 
shape  of  a  boiler  j)laced  on  toj)  of  the  explosion  cylinder  in  which  the 
waste  gases  are  used  to  raise  water  to  boiling  point,  and  thus,  as  already 
pointed  out,  slightly  aid  in  driving  the  engine. 

It  is  stated  that  a  })ressure  of  40  lbs.  ])er  scpiare  inch  is  attained  in 
the  boiler  after  the  engine  has  worked  a  short  time.  The  engine  is 
made  single-acting,  and  is  virtually  a  combination  of  a  gas  and  steam 
engine,  as  it  has  two  elements  acting  together  to  produce  motion,  viz., 
combustion  and  expansion  of  a  mixture  of  gas  and  aii'  and  steam,  gen- 
erated by  the  heat  of  the  exhausted  gases.  The  diagrams  taken  from 
the  engine  are  good.  In  an  improved  design  of  this  engine,  patented 
in  1878,  it  is  shown  as  an  ordinary  vertical  engine  with  the  cylinders 
below.  A  hand  force  pump  is  added  for  facilitating  starting.  This 
engine  is  now  also  made  horizontal,  and  was  recently  exhibited  at  an 
exliibition  of  gas  appliances  held  in  Nottingham. 

■■■  .January  7tli,  1879. 
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An  engine  recently  shown  at  an  exhibition  of  gas  a])pliances,  held 
at  Bradford,  and  manufactured  by  Messrs,  S.  Clayton  &  Co.  of  Brad- 
ford, was  patented  Iw  them  in  1878.  This  engine  bears  a  striking 
resemblance  to  the  "  Otto."  It  is  a  horizontal  engine,  but  uses  a  sepa- 
rate pump  underneath  the  cylinder  for  drawing  in  a  regulated  supply 
of  air,  gas  or  vapor,  and  forcing  the  same  into  the  cylinder  through  a 
port  regulated  or  controlled  by  a  valve.  The  gas  supply  is  regulated 
by  a  governor,  and  the  charge  of  air  may  be  either  compressed  or  used 
at  atmos]>heric  pressure.  The  engine  can  be  made  either  single-  or 
double-actino;,  and  differs  from  the  two  foreo-oino-  engines  in  that  the 
■charge  may  be  fired  every  stroke,  or  each  alt£rnate  one,  as  desired.  It 
also  has  no  slide  valve,  but  instead,  uses  one  of  a  conical  rotary  con- 
struction, somewhat  like  an  ordinary  cock.  Having  no  data,  we  can- 
not speak  as  to  the  consumption  of  gas  by  this  engine. 

Richard  Hellewell,  of  Blackburn,  in  1878,  improved  on  a  patent 
taken  out  by  him  in  1877,  for  a  vertical  engine  Avith  two  pistons  in 
one  cylinder.  ,  When  the  charge  is  ignited  the  loose  piston  is  driven 
upwards  by  the  force  of  the  explosion,  and  is  held  at  the  top  of  tlie 
cylinder  by  suitable  mechanism.  A  vacuuni  is  formed,  and  the  other 
j>iston,  to  which  is  attached  the  connecting  rod,  is  drawn  upwanls  by 
means  of  the  vacuum.  The  loose  piston  is  released  when  the  fast  one 
has  reached  the  top  of  its  stroke  and  then  follows  it  down  the  cylinder, 
and  the  o])eration  as  above  described  is  repeated.  It  is  needless  to 
remark  on  the  similarity  this  engine  presents  to  others  already  des- 
<;ribed. 

In  December,  1875,  Edwin  Alexander  patented  a  communication 
from  Alexis  de  Bischop,  of  Paris,  for  a  gas  engine.  The  engine  is 
made  with  a  very  long,  narrow  cylinder,  so  as  to  accommodate  to  as 
great  an  extent  as  possible  the  speed  of  piston  to  the  explosive  force  of 
the  mixture  of  air  and  gas.  The  increase  in  the  speed  of  piston  thus 
obtained  affords  a  longer  expansion  of  the  burnt  gas.  The  stroke  is 
made  ten  or  more  times  the  diameter  of  the  piston  in  length.  A  piston 
valve,  worked  by  an  eccentric  on  the  fly-wheel  shaft,  is  used  in  this 
engine,  in  lieu  of  the  usual  slide  valve.  The  action  is  as  follows  :  ( )n 
turning  the  fly-wheel  by  hand  at  starting,  the  piston  is  moved  upwards, 
at  the  same  time  drawing  in  a  charge  of  gas  and  air.  When  the  ])ist<)n 
has  traversed  one-third  of  its  stroke,  the  admission  of  gas  and  air  is 
out  off  by  the  raising  of  the  piston  valve,  and  the  charge  is  ignited. 
The  force  of  the  explosion  drives  the  piston  the  remainder  of  its  stroke. 
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The  ])i,stoii  is  caused  to  desc^end  hy  tlie  luomentuni  of  the  fly-wlieel 
gained  during  the  ascent  of  the  [)iston  after  the  exj)losion.  At  the 
same  time,  tlie  products  of  combustion  are  forced  out  of  the  cylinder 
at  the  exhaust  valve.  The  piston,  again  ascending,  draws  in  fTfresh 
(charge,  and  the  action  is  rei)eated.  The  engine  is  vertical  and  single- 
acting,  an  exj)losion  otjcurring  at  every  revolution  of  the  crank  shaft. 
The  chief  peculiarity  of  the  engine  is  that  no  lubricant  is  required,  nor 
water  for  cooling  ])urposes,  the  latter  being  accomplished  by  radiation. 
The  consumption  ot"  gas  being  very  large,  the  maximum  power  offered 
is  not  equal  to  half  a  horse,  or  thereabouts.  No  governor  is  applied. 
These  engines  are  made  in  England  by  Mr.  J.  Andrews,  of  Stockport. 

In  1878  Mr.  Dugald  Clark  patented  an  engine  now  made  by  Messrs. 
Thompson,  Sterne  &  Co.,  of  Glasgow,  and  exhibited  at  the  recent  agri- 
cultural show  at  Kilburn.  The  engine  is  horizontal  and  single-acting. 
The  air-pump  is  j^laced  alongside  the  cylinder,  and  the  whole-engine 
presents  a  neat  and  compact  appearance.  Air  and  gas  are  admitted  to 
the  pumj)  by  means  of  a  valve,  when  its  piston  moves  outwards  and 
becomes  mixed  therein  ;  and  on  the  return  inwards  of  the  pump  piston^ 
the  mixture  passes  through  a  lift  valve  into  an  intermediate  chamber 
or  reservoir  constituting  the  back  end  ])iece  of  both  cylinders.  The 
igniting  arrangement  in  this  engine  is  novel.  A  small  piece  of  j)la- 
tinumwire  in  the  cylinder  valve  is  used  for  this  purpose,  which  having 
once  become  heated,  remains  so;  for  each  time  the  mixture  passes  on 
its  way  into  the  cylinder,  and  is  exploded,  the  jilatinum  receives  as 
nuich  heat  as  is  necessary  to  make  up  for  its  loss  otherwise,  and  is  thus 
always  kept  at  a  red  heat  sufficient  to  ignite  the  charge.  In  this 
engine,  as  in  those  jireviously  described,  the  gas  and  air  are  used  under 
compression,  water  also  being  circulated  round  the  cylinder  to  keej)  it 
cool.  In  this  case  a  small  centrifugal  ])um])  is  used  for  the  jnn-pose. 
X  governor  acts  on  the  gas  regulator  valve,  controlling  the  suj)ply. 
The  consumption  of  gas  in  this  engine  is  stated  by  the  makers  to  be 
but  15  cubic  feet  per  indicated  horse-power  ]>er  hour. 

In  having  thus  traced  the  development  of  the  gas  engine  dt)wn  to 
the  ])resent  time,  Ave  have  been  debarred  by  want  of  space  from  men- 
tioning every  patent  which  has  been  taken  out  in  connection  with 
them,  many  of  which  have  never  advanced  beyond  mere  ])rovi- 
sional  protections.  We  have  therefore  merely  touched  on  the  more 
important  patents,  or  those  in  connection  with  the  various  engines  at 
})resent  before  the  public.     But  that  there  is  a  grand  future  for  this 
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class  of  engines  no  one  will  deny ;  and  that  the  public  now  feel  that 
they  can  place  confidence  in  the  engines  is  evinced  by  the  number  of 
new  firms  which  of  late  have  taken  up  their  manufacture.  In  many 
cases,  where  hitherto  small  steam  engines  have  been  exclusively  used, 
gas  engines  are  rapidly  taking  their  places.  One  very  great  point  in 
their  favor  is  that  no  extra  insurance  premium  is  generally  required. 
.Another  great  advantage  held  by  gas  engines  over  steam  engines  is  the 
fact  of  being  able  to  get  full  power  whenever  required  at  a  moment  s 
notice,  without  the  time  usually  wasted  in  getting  up  steam.  iSIore- 
over,  as  soon  as  the  gas  engine  is  stopped  consumption  of  fuel  ceases,. 
and  no  steam  has  to  be  kept  up  in  case  the  engine  is  wanted  only  at 
intervals.  The  electric  light  scare  undoubtedlv  acted  most  beneficially 
for  gas  engine  makers.  Apart  from  the  fact  that  gas  engines  were  in- 
many  cases  put  down  to  drive  the  electric  light  machines,  it  brought 
gas  companies  to  their  senses,  and  caused  them  to  su|)i)ly,  in  some  cases,, 
better  and  ("heaper  gas.  This  ^vas  an  e.vtra  inducenient  to  people  to- 
lay  down  gas  engines  which  had  not  previously  existed.  Undoubt- 
edly the  fact  that  gas  engines  have  now  prox'ed  themselves  really  reli- 
able motors  has  induced  various  trades,  where'  hitherto  hand-power 
has  been  almost  entirely  used,  to  ])ut  down  a  safe  and  economical 
motive  power,  as  a  means  of  developing  and  extending  their  trade. 
In  many  cases  power  i^  required  where  the  high  insurances  on  steam 
boilers  have  hitherto  precluded  their  use.  Gas  engines,  .then,  at  once 
step  in  to  overcome  the  difficulty.  With  them  their  is  no  smoke,  no 
water,  no  coal  to  get  in,  nor  ashes  and  cinders  to  remove,  no  boiler  to 
blow  up,  or  at  least  to  insure;  no  waiting  to  raise  steam  or  waste  in 
keeping  it  ready,  no  stoker,  and  no  cumbrous  boiler  setting.  That 
some  difficulties  yet  remain  to  be  overcome  may  be  admitted,  but  that 
these  do  not  hinder  their  practical  utility  is  now  well  })ro\ed  by  the 
many  thousands  of  them  already  found  in  use  scattered  over  all  parts  of 
the  world. — Engineer. 


Condensers  of  Tempered  Glass. — G.  Ducretet  says  that  reci- 
pients of  tempered  glass,  when  employed  like  Leyden  jars,  are  capable 
of  receiving,  without  being  fractured,  a  strong  charge  of  electricity,, 
and,  consequently,  of  giving  condensed  sparks  of  a  power  far  superior 
to  those  which  are  ordinarily  obtained.  Plates  of  tempered  glass  can 
be  employed  in  the  same  jnanner.  Leyden  jars  of  very  minute 
dimensions  give  remarkable  results. — Comptes  JRendus.  C. 
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New  Electro-Magnet.  --Cliamhricr  increases  tli(!  power  ol"  ehic- 
(ro-tiiai^iiets  by  aiigiiieiitino-  the  extent  of  active  surface  at  the  (!xtremity 
of  the  core  and  of  the  oscilhitinjj:  arniatiii-e.  He  indicates  various 
A\ays  of  doino-  this,  wliich  arc  all  nearly  equivalent  in  effect;  he 
hollows  the  core  and  trives  to  the  armature  a  projection  tittinjr  into  the 
•cavity,  t»r  lie  attaches  the  {jrojection  to  the  core,  making  it  fit  a  cavity 
of  the  armature.  A  battery  of  eight  or  ten  elements  is  as  efficient, 
with  his  arrangement,  as  fifteen  elements  with  an  ordinarv  electro- 
magnet. TJie  residuary  magnetism  is  not  in(;reased;  it  appears  ratlier 
to  be  weakened.  —  Compfes  liendus.  (\ 

Torrential  Deltas. — Desor  gives  his  assent  to  the  general  con- 
clusion of  the  geologists  who  have  examined  the  recent  terraces  of  the 
Cornici,  and  who  regard  them  as  ancient  deltas.  Instead  of  being 
liorizontal,  they  are  inclined  under  an  angle  of  12  to  20°,  like  the 
abundant  collections  of  conglomerates  Avhich  are  found  at  the  mouth 
of  the  principal  rivers  of  ancient  Liguria.  He  considers  all  deltas  of 
this  kind  as  due  to  the  action  of  mountain  torrents,  and  recommends 
.-fi  careful  distinction  in  future  geological  study  between  the  torrential 
■deltas  and  the  deltas  of  large  rivers.  He  believes  this  distinction  is 
as  important  in  all  cases  as  tlM  which  has  been  established  between 
marine  and  lacustrine  deltas. — Compte.'i  Renclwi.  C. 

Experiments  upon  Rails. — Tresca  has  })ublishe(l  the  results  of 
■exj)erinients  on  the  flexion  of  iron  and  steel  rails,  between  the  limits 
of  elasticity  and  rupture.  They  show  that  for  these  two  metals,  in 
their  ordinary  industrial  condition,  the  coefficient  of  elasticity  is  nearly 
the  same  and  may  be  designated  by  the  equation  E.  =  '21  X  10",  thus 
■confirming  his  special  experiments  in  1857  and  1859  upon  Swedish 
irons  and  the  cementation  steels  which  are  made  from  those  irons.  He 
finds  that  the  limit  of  elasticity,  for  a  given  bar,  may  be  extended  in 
proportion  to  the  energetic  actions  to  which  it  has  been  previously 
submitted,  and  that  the  elastic  limit  may  be  pushed  almost  to  the  j)oint 
-of  rupture  without  the  coefficient  of  elasticity  having  varied  in  any 
perceptible  degree.  The  metal,  when  it  comes  from  the  workshops,  is 
in  a  manifest  state  of  instability,  which  disappears  only  by  use;  it 
becomes,  by  means  of  the  actions  to  which  it  is  successively  submitted 
ill  its  employment,  more  homogeneous  and  more  elastic,  but  at  the 
.•>;anie  time  a  little  more  flexible. — Soc.  des  Tiu/en.  ('Iv.  O. 


Mav,  1880.]  Sdfurafed  Vapors.  34^ 

Magnetic  Writing.  —  Prof.  Thompson,  of  Bristol,  has  lately 
nuide  an  interesting  observation  in  regard  to  an  application  of  mag- 
netism. He  takes  a  thin  plate  of  hardened  steel  and  writes  upon  it 
with  a  magnetized  iron  style,  thus  communicating  a  tolerably  perma- 
nent magnetism  to  the  parts  of  the  plate  which  are  covered  by  the 
Avriting.  If  fine  iron  filings  are  sprinkled  upon  the  plate  and  the  plate 
is  then  held  perpendicular,  so  as  to  remove  the  loose  filings,  the  writing^ 
becomes  visible  upon  the  magnetized  portion.  The  experiment  may 
be  repeated,  at  pleasure,  for  an  indefinite  period. — Fortsch.  der  Zeif.  ( ". 

Induction  Estimate  of  the  Mechanical  Equivalent  of 
Heat.  —  From  the  law  of  conservation  of  energy  it  follows  that  the 
work  which  an  electric  current  in  a  conductor  is  able  to  perform  must 
be  equivalent  to  the  work  which  is  required  to  excite  the  same  current 
in  the  same  conductor  through  induction.  This  consideration  induce*! 
von  Waltenhofen,  when  he  was  engaged  in  some  experiments  sug- 
gested by  the  theory  of  electro-magnetic  machines,  to  undertake  a 
determination  of  the  mechanical  equivalent  of  heat  by  means  of  elec- 
tricity. The  result  of  his  researches  was  about  one-half  i)er  cent,  less 
tliau  Joule's  equivalent. — Ann.  der  Phj/s:  und  Chen}.  i\ 

Relation  between  Pressure,  Temperature  and  Density  of 

Saturated   Vapors. — Wiukehuanu    linds   a    relation    wliicli    may  i)e 
expressed  by  the  following  equation: 

f^  is  the  temperature  of  the  saturated  vapor  under  the  i)ressure  of 
7/  atmospheres;  (/„  the  density  of  the  saturated  vapor  un<ler  the  same 
pressure,  the  density  of  air  being  regarded  as  the  unit;  d  the  density 
of  the  vapor  as  deduced  from  the  molecular  weight;  A  a  constant 
magnitude  which  is  the  same  for  all  vapors;  a  and  ft  two  constant 
magnitudes  which  depend  upon  the  nature  of  the  vapor.  The  equation, 
which  holds  good  for  the  vapors  of  all  fluids  that  have  been  investi- 
gated, contains  only  two  constants  which  vary  for  diflPerent  fluids. 
These  constants  have  a  simple  significance,  for  example,  if  h  =  1, 
fz:=h;  /.  f',,  6  denotes  the  temperature  at  which  the  vapor  has  the 
tension  of  a  single  atmosphere;  if  n  =  o,  t^^  a;  i.  e.,  at  the  temper- 
ature —  ((  the  fluid  begins  to  change  into  vapor. — ^4/?/*.  der  Phys.  und 
Cltem.  C. 
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Elasticity  of  Chrome  Steel. — In  liis  experiments  upon  the 
hvdrodviiaiiioiucter,  I'cllat  toiind  that  tlie  ela.stie  resi.stance  of  cliroine 
.-<teel  coukl  be  pushed  to  a  Jiiiich  hi<>;her  figure  than  any  other  metal 
Avhieli  lie  tried,  without  passing-  the  limit  of"  elasticity. — Ann.  den 
Poids  cf  C/hiiis.^.  C. 

Density  of  Liquefied  Oxygen. — J^'ol".  .J.  Offret  thinks  that 
Pictet  was  too  hasty  in  assigning  a  density  to  liquefied  oxygen  equiva- 
lent to  that  of  water.  He  points  out  errors  of  ealoulation  which 
reduce  the  result  by  Pictet's  first  method  to  '8655,  and  wholly  invali- 
<late  his  second  method.  He  regards  his  own  figures,  however,  as 
merely  provisory,  and  as  probably  below  the  true  value.  Further 
investigations  may  perhaps  still  prove  the  correctness  of  Dumas'  pre- 
diction, that  water  and  liquid  oxygen  have  equivalent  densities. — Ann. 
dc  Chem.  ef  de  Phys. 

Applications  of  the  Hydrodynamometer.  —  De  Perrodie 
reports  a  series  of  ex])erimeuts  which  were  undertaken  to  determine 
the  exact  value  of  the  coefficient  of  the  hydraulic  dynamometer. 
Among  the  uses  to  which  he  finds  it  especially  applicable  is  the  mea- 
surement of  the  intensity  of  the  wind.  In  the  same  way  as  balances 
are  made  for  all  purposes,  from  the  most  delicate  determinations  of 
chemical  analysis  to  the  most  ponderous  weighings  in  mechanical 
workshops,  hydrodynamometers  may  be  constructed  of  all  degrees  of 
strength,  from  those  which  are  used  in  physical  laboratories  for  the 
minute  study  of  hydrodynamic  laws  to  those  which  engineers  would 
employ  for  gauging  the  force  of  water  at  the  greatest  depths. — Ann. 
des  Fonts  ff  (Jhauss.  C. 

Crookes'  Vacuum.  —  In  his  experiments  upon  radiant  matter 
Crookes  required  a  vacuum  of  a  millionth  of  an  atmosphere.  It  was 
obtained  by  a  combination  of  Geissler's  and  Sprengel's  mercurial 
exhausters,  and  measured  by  McLeod's  gauge.  Warren  de  la  Rue 
estimates  that  the  gauge  will  correctly  record  a  vacuum  of  one  fifteen- 
millionth  of  an  atmosjihere.  Precipitated  sulphur  was  used  by 
Crookes  in  order  to  absorb  the  mercurial  vapors;  metallic  copper, 
reduced  from  its  oxide,  to  absorb  the  sulphurous  vapors,  and  sulphuri(; 
anhydride  to  absorb  the  vapor  of  water.  A  small  radiometer  was 
employed  to  show  the  progress  of  the  vacuum,  and  a  Pllicker  tube  for 
a  similar  purpose,  tlie  .spectrum  of  the  electric  spark  changing  wntli 
the  degree  of  rarefaction.^nn.  de  Chim.  et  de  Phys.  C. 


May,  1880.]  Book  Notices.  351 

Passivity  of  Iron. — Concentrated  or  fuming  nitric  acid  does  not 
corrode  iron ;  on  the  contrary,  when  iron  is  dipped  into  it  it  acquires 
the  singular  jiroperty  of  resisting  the  attacks  of  diluted  acid.  The 
fuming  acid  is  said  to  render  the  iron  passive.  Dumas  first  called 
attention  to  this  fact  in  his  lectures.  It  was  afterwards  studied  by 
the  elder  Becquerel,  de  la  Rive  and  others,  who  offered  various  hypo- 
theses to  account  for  the  phenomenon.  It  was  commonly  thought  that 
a  film  formed  on  the  surface  of  the  metal,  consisting  either  of  an  oxide 
or  of  an  insoluble  nitrate,  which  constituted  a  sort  of  varnish  and  thus 
prevented  any  further  attack.  L.  A'^arenne  has  found  that  the  j)assivity 
depends  in  great  measure  upon  the  degree  of  condensation  in  the  metal, 
but  that  in  all  cases  it  may  be  overcome  by  shocks,  and  even  by 
extremely  feeble  vibrations  which  are  excited  by  the  action  of  an 
electro-magnet.  Moreover,  a  current  of  gas,  even  though  very  feel)lc, 
usually  destroys,  the  passivity.  Varennc  finally  concluded  that  the 
phenomenon  was  entirely  due  to  a  gaseous  film  on  the  surface  of  the 
metal,  and  his  belief  was  confirmed  by  finding  that  the  passivity  ceased 
entirely  in  vacuum.  He  thinks  that  the  film  consists  principally  of 
gaseous  nitric  oxide.  He  proposes  to  extend  his  researches,  in  order  to 
find  what  are  the  causes  which  lead  to  the  formation  of  the  film,  and 
what  is  the  nature  of  the  influences  which  afterwards  maintain  its 
adherence. — Ann.  de  Chim.  ef  de  Phys.  C. 


Book   Notices. 


ExPEIilMENTS  ON  THE  StREXUTH  OF  WROUGHT  IrON  AND  OF  ChAIN 

Cables.  By  Commander  L,  A.  Beardslee,  U.  S.  N.;  revised  and 
abridi>;ed  bv  Wm.  Kent,  M.  E.  John  Wilev  &  Son,  New  York. 
1879.'     8vo,  pp.  119. 

This  very  valuable  work  comprises  the  details  of  experimental 
inquiry  into  the  physical  and  chemical  properties  of  rolled  iron,  espe- 
cially as  relates  to  cable  iron,  being  a  portion  of  the  report  to  the 
United  States  Government  of  the  Board  appointed  to  test  iron,  steel 
and  other  metals.  It  is  scarcely  possible  to  overrate  its  usefulness  as 
a  guide  for  future  investigations  or  for  the  correct  determination 
of  the  properties  of  iron  for  the  purposes  immediately  considered,  or 
other  practical  application.  The  abridgement  of  the  full  report  is 
restricted  in  the  main  and  in  all  essential  reg-ards  to  the  omission  of 
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ral)ul;ir  lautter  which  is  purely  currubonitoiy  to  wliat  ha.s  been  retained^. 
^(1  that  thi.s  work  presents  for  record  a  full  aecouut  of  the  prooeedinjis 
of  the  coniiuittee  of  the  Board  referred  to. 

Kven  a  suinniary  of  this  report  would  far  surpa.s.s  the  limits  of  a 
book  notice,  and  it  is  only  to  recoiuniend  it  as  an  example  of  positive 
knowledge  available  at  all  future  times  to  tlie  mechanical  engineer  that 
anv  expression  of  merit  can  judiciously  be  made.  Still,  some  ])artic- 
ular  conclusions  may  be  noticed  as  of  interest  to  the  general  reader. 
It  is  demonstrated  that  a  studded  link  cable  is,  contrary  to  all  previous 
authority,  no  stronger  than  one  with  open  links  of  the  same  wisight  of 
iron  in  the  round,  and  much  weaker  than  one  with  open  links  when 
the  dimension  of  iron  in  the  round  gives  e({uality  of  weight  to  equal 
length  of  cable.  Again,  it  is  shown  that  any  test  of  a  cable  which 
strains  the  iron  above  its  elastic  limit,  so  far  from  adding  to  the  sever- 
itv  by  the  detection  of  fiiults,  is  an  actual  source  of  wejikness  in  devel- 
oping incipient  defects.  B. 


{..\H(jit  AND  Capital:   Allies  not  Explmies.     By  Edward  Atkin- 
son.    32mo.     New  York:  Harper  Brothers.     1880. 

This  little  volume  contains  the  substance  of  the  argument  lately 
j)resented  to  the  Congressional  Committee  on  Labor,  of  which  A.  S. 
Hewitt  is  chairman.  Of  the  great  importance  of  the  subject  there  is 
not  the  slightest  doubt,  and  as  it  involves  questions  upon  which  there 
is  a  great  variety  of  opinion — e  oncerning  money,  legal  tender,  the 
tariif,  a  national  excise  system,  the  bank  question,  and  perhaps  the 
greatest  of  all,  the  problem  of  National  or  State  interference  in  the 
j)ursuits  of  citizens  for  shortening  the  hours  of  work,  promoting  edu- 
cation, and  attempting  to  compass  the  material  welfare  of  special 
classes  by  means  of  legislation — it  is  worthy  of  all  the  time  and  thought 
that  can  be  ex})ended  upon  it. 

The  author  truly  observes  that  the  great  forces  named,  Labor  and 
Capital,  are  one  and  the  same  in  essence — allies,  not  enemies — and 
that  the  titles  we  give  them  only  serve  to  distinguish  the  effort  of  the 
past  that  has  been  saved  and  not  expended  from  that  which  is  now 
exerted;  luit  whether  these  forces  shall  be  brought  into  conflict  or  not 
depends  in  great  degree  upon  the  capacity  of  those  who  frame  the 
laws  under  which  the  production  and  distribution  of  wealth  are  con- 
ducted. We  cordially  commend  the  volume  to  the  attention  of  out 
readers.  N. 
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Our  Homes.     By  Henrv  Hartshorne,  M.  D.     18mo.     Philadelpliia: 
Presley  Blakiston.     1880. 

We  would  be  pleased  if  the  carefully  prepared  volumes  of  the 
American  Health  Primers  could  be  found  and  read  in  every  home, 
each  additional  one  seeming  more  admirable  than  those  that  have  pre- 
ceded it.  No  one  could  be  fitted  for  the  task  of  writing*  a  volume 
upon  "Our  Homes"  more  eminently  than  the  late  Professor  of  Hygiene 
hi  the  University  of  Pennsylvania;  and  in  the  different  chapters,  after 
some  introductory  matter  of  a  valuable  kind,  we  have  the  situation  of 
the  house  and  its  construction  discussed,  the  important  questions  of 
light,  warmth,  ventilation,  water  supply,  drainage  and  disinfection. 
In  that  on  workingmen's  homes  a  brief  account  is  given  of  the  Build- 
ing Associations  of  Philadelphia,  where  by  paying  a  moderate  sum  a 
month  the  artisan  becomes  the  owner  of  the  property,  and  which  has 
made  Philadelphia  so  peculiarly  a  city  of  homes  for  all  classes.  It  is 
one  of  his  highest  aims,  and  in  which  he  nearly  always  succeeds. 
The  volume,  like  all  in  the  series,  is  well  printed,  and  has  quite  a 
mnnber  of  illustrations  for  the  moderate  price  it  is  sold  for.  X. 


The  Field  Engineer.   By  Wm.  Friedley  Shunk.    D.  Van  Nostrand. 
1880.     8vo,  tucks. 

One  of  the  pocket  books  for  railroad  work  in  tlie  field,  "pre})ared 
with  special  reference  to  the  wants  of  the  young  engineer."  The  ele- 
mentary portion  of  this  work  is  in  one  sense  prepared  in  admirable 
form  for  practical  use.  It  is  set  out  to  be  "a  compendious  exposition 
of  those  mathematicid  trutlis  and  methods  which  the  yoiuig  engineer 
must  become  familiar  with  from  the  beginning.  Such  familiarity  niav 
not  be  had  from  the  work  itself,  but  it  is  sure  to  come  to  those  who 
will  study  to  acquire  it  from  sources  readily  to  be  ascertained.  Learn- 
ing backwards  is  a  sure  way  to  learn,  but  it  has  the  defect  of  givino- 
more  of  special  than  of  general  knowledge.  Any  young  engineer, 
however,  who  will  have  mastered  the  truths  set  down  for  him  to 
become  familiar  with  will  have  attained  competency  in  his  ])rofession. 
for  all  ordinary  requirements  of  American  practice. 

There  are  given  problems  covering  the  demands  of  daily  work  in 
the  field,  witli  concomitant  tables  of  reference  in  computation.      B. 
Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixxix.)  2» 
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Franklin    Institute, 


Hall  of  the  Institute,  April  21st,  1880. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

Tliere  were  present  117  members  and  28  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  i)resented  the  minutes  of  the  Board  of  Managers,  and 
announced  that  14  persons  were  elected  members  of  the  Institute  at 
their  last  meeting.     He  also  read  the  following  letter : 

"  Philadelphia,  March  27th,  1880. 
■^'  William  P.  Tatham,  Esq.,  President  of  the  Franhlin  Institute  of 

the  State  of  Pennsylvania  for  the  promotion  of  the  Mechanic  Arts. 

'^  Dear  Sir,— Please  accept,  in  behalf  of  the  Institute,  the  enclosed 
one  thousand  dollar  ($1,000)  certificate  of  the  6  per  cent,  untaxed  loan 
of  the  city  of  Philadelphia,  due  in  1895. 

"  It  is  my  wish  that  this  amount  shall  be  re-invested,  when  paid  oH', 
in  such  manner  as  may  be  directed  by  the  Board  of  Managers,  and  the 
annual  income  be  used  in  aid  of  such  apprentices  to  the  machine  busi- 
ness as  may  need  assistance  to  enable  them  to  receive  the  instruction 
given  by  the  Institute  in  mechanical  drawing.  These  pupils  to  be 
selected  in  such  manner  and  under  such  regulations  as  may  be  made 
by  the  Board  of  Managers  of  the  Institute. 

"  Very  truly  yours, 

"B.  H.  Bartol." 

The  Secretary  reported  that  Mr.  Lewis  S.  Ware  had  a  short  time 
ago  presented  to  the  Library  a  valuable  set  of  the  "  Annales  du  Genie 
Civil,"  and  that  now  he  had  given  a  set  of  the  "Annales  Industrielles," 
and  the  acquisition  of  such  serials  and  works  obtained  from  the  Bloom- 
field  Moore  Trust  Fund,  from  Mr.  A.  E.  Outerbridge's  lectures,  and 
by  purchase  from  time  to  time  by  the  Institute,  was  fast  making  the 
Library  one  of  the  most  important  in  the  country  for  technical  works 
relating  to  science  and  the  mechanic  arts. 

The  following  donations  have  been  received  since  the  last  re2>ort : 
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Accounts  of  the  Operations  of  the  Great  Trigonometrical  Survev  of 
India.     Vols.  2,  3,  4. 
From  His  Excellency  the  Viceroy  and  Governor  General  of  India  in 

Council. 

Letters  of  Registration  of  Inventions.     Australia,  1855  to  1876. 

Tlirougli  Robt.  Grimshaw,  Ph.  D. 

Catalogue  du  Ministere  de  I'Instruction  publique  des  Cultes,  etc. 
Vols.  1 — 3,  in  5  parts.  Section  Beige.  Catalogue  Officiel  des  CEuvres 
d'Art,  etc.  From  the  Minister  of  Public  Instruction,  France. 

Reports  on  the  Departments  of  the  Exhibition  of  Pennsylvania  State 
Agricultural  Society.     Sept.,  1879.  From  C.  Henry  Roney. 

Improvement  in  Steam  Boilers.  By  Ogle  &  Burnett,  AYashington, 
Ohio. 

Anmiaire  de  I'Academie  Royale  des  Sciences,  etc.,  de  Belgique. 
Vol,  46.  From  the- Academy. 

Second  and  Third  Annual  Reports  of  the  State  Board  of  Health  of 
Massachusetts,  1871  and  1872.  From  the  Board. 

History  of  the  Pacific  Guano  Company.         From  the  Company. 

Register  of  Commissioned,  etc.,  Officers  of  the  Xavy  of  the  United 
States.     January,  1880.  From  the  Navy  Department. 

Almanaque  de  la  Gaceta  Industrial.  1880.     From  the  Publisher. 

New  Jersey  Geological  Survey.  Annual  Report  of  the  State  Geolo- 
gist for  1879.  From  the  State  Geologist. 

Subject  Index  of  Publications  of  the  United  States  Naval  Observa- 
tory, 1845—1875.     By  E.  S.  Holden. 

From  the  U.  S.  Naval  Observatory. 

Report  of  the  Meteorological  Office  of  the  Dominion  of  Canada. 
By  G.  T.  Kingston.     1878.  From  the  Office. 

Croton  Water  Supply  and  its  Extensions. 

From  the  C.  E.  Club  of  the  North-west. 

Annual  Report  of  the  Adjutant-General  of  Pennsylvania,  1879. 

From  Jas.  W.  Latta,  Adj.-Gen'l. 

American  Institute  of  Mining  Engineers.     List  of  Officers,  etc.  etc. 

From  the  Institute. 

Seventh  Annual  Report  of  the  New  Jersey  State  Board  of  Agricul- 
ture for  1879.  From  the  Board. 

Memoir  of  Isaac  Hays.     By  Alfred  Stille. 

From  College  of  Physicians. 

American  versus  English  Locomotives. 
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Animal  Report  of  tlic  St.  Ijuuis  Mercantile  Lihrarv  As.s<x;iation. 
187JJ.  From  the  A.ssociatioii. 

Circulars  of  Information  of  the  ]^ureau  of  Education.  Xo.  5. 
1879.  From  the  Bureau. 

Annual  Report  of  the  Chief  of  the  l^ureau  of  Steam  Engineering- 
for  1879. 

Keport  on  the  llerreshoff  Boilers.     1878. 

Report  on  the  Murphy  Grate  Bar.     1878. 

Report  on  the  Asheroft  Furnace  Doors  and  Grate  Bars. 

Report  on  D.  C.  Green's  System  of  Ventilation.     1879. 

Report  on  the  Two  Kinds  of  Coal  submitted  by  the  Chesapeake 
and  Ohio  Railroad  Coal  Agency. 

Report  of  a  Board  of  U.  S.  Naval  Engineers  on  the  Herreshotf 
Boiler,  etc.,  for  Steam  Yachts.     1879. 

Report  on  Experiments  in  Boiler  Bracing.     1879. 

Report  on  Experiments  to  ascertain  Proportions  for  Ends  of  Boiler 
Bars.     1880. 

From  the  Bureau  of  Steam  Engineering,  Xavy  Department. 

Bericht  iiber  die  AVeltausstellung  in  Paris.  1878.  In  9  parts,  and 
1  Atlas. 

Parts  90  to  93  of  the  Reports  of  Judges  of  Exposition  of  A'ienna, 
1873. 

Account  of  the  Exhibition  in  Philadelphia  in  1876.  By  Swedish 
Commission.     With  Volume  of  Plates. 

Amtliches  Verzeichniss  der  Aussteller  in  der  Weltausstellung  in 
AVien.     1873.       From  L.  Westergaard,  Consulate  in  Philadeljihia. 

Eleventh  (and  Twelfth  Annual)  Reports  upon  the  Improvement  of 
South  Pass  of  ^Mississippi  River. 

Letter  from  the  Secretary  of  War,  transmitting  Papers  relative  to 
the  Payment  of  First  Instalment  of  Compensation  to  J.  B.  Eads  for 
(Quarter  ending  Oct.  30,  1879.  From  the  War  Department. 

Theory  of  Natural  Philosophv.    Bv  T.  H.  Paslev.    London,  1836. 
From  H.  W.' Miller,  1919  X.  Sixth  street. 

Transactions  of  the  American  Philosophical  Soeietv.  Vol.  6. 
Part  1.     1804.  From  H.  A."  Freeman. 

Abstracts  of  Registers  from  Self-Recording  Instruments,  Xew  York 
Meteorological  Observatory,  December,  1879,  and  January,  1880. 

From  D.  Draper,  Director, 
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Milling  Review.     Vol.  4.     London,  1838. 
Mining  Journal.     Vols.  3  and  4.     London,  1836  and  1838. 
Additional  Report  of  Water  Power.     By  Watering  Committee  of 
Philadelphia.     1849.       From  the  Misses  Thompson,  Philadelphia. 
London  Engineer  for  1877  and  1878. 

From  W.  D.  Smith,  Engineer,  IT.  S.  X. 

Mr.  Hugo  Bilgram  read  a  paper  on  "  Isochronous  Governors  for 
Hteam  Engines."  sugo-ested  bv  the  discussion  at  the  last  monthlv  meet- 
ing,  when  there  appeared  to  be  some  difference  of  opinion  as  to 
whether  governors  could  be  made  isochronous.  Mr.  Biltiram  said  that 
the  question  could,  in  fact,  be  answered  both  ways,  according  to  the 
meaning  attached  to  the  word  isochronous.  The  periodical  admission 
and  action  of  the  steam  have  a  more  pronounced  action  on  cut-oti  than 
on  throttle  governors,  and  the  former  only  were  considered  by  Mr. 
Bilgram.  The  cut-off  governor  exerts  its  influence  u|)()ii  the  admission 
of  steam  only  at  the  moment  of  the  cutting  off,  and  then  l^ises  all  con- 
trol over  the  working  capacity  of  the  engine  until  the  corresponding 
moment  of  the  following  stroke.  During  the  intervening  period  tlie 
fly-wheel  (including  all  its  equivalents  in  moving  parts)  regulates  the 
speed  within  certain  limits.  Most  governors  are  designed  to  remove, 
as  rapidly  as  possible,  any  cause  for  a  change  of  speed.  The  condi- 
tions may  be  examined  by  supposing  the  load  of  an  engine,  running 
at  a  uniform  speed,  to  be  suddenly  changed,  say  increased,  imme- 
diately after  the  moment  of  cutting  off.  The  work  dev^eloped  daring 
the  following  half  turn  of  the  fly-wheel  will  be  the  same  as  if  no 
change  had  occurred  in  the  load ;  but,  as  the  fly-wheel  must  supply 
the  power  to  do  the  increased  work,  its  speed  will  be  reduced  accord- 
inglv.  This  reduction  during  the  first  period  w411  be  a  measure  or 
gauge  of  the  amount  of  adjustment  required,  and  being  made  by  the 
governor  the  working  capacity  of  the  engine  for  the  second  period 
will  be  increased  as  much  as  the  energy  of  the  fly-wheel  has  been 
reduced,  the  increase  of  load  will  be  balanced,  and  the  speed  will  con- 
tinue uniformly,  but  at  a  less  rate  than  originally.  The  change  Mas 
graphically  represented  and  explained.  Such  regulation  can  be  accom- 
plished by  the  common  or  stable  pendulum,  if  its  degree  of  sensitive- 
ness is  suited  to  the  size  of  the  fly-wheel.  This  relation  may  be  tiius 
expressed:  The  .sum  of  the  energy  of  the  moving  parts  (fly-wheel, 
etc.)  and  of  the  work  developed  per  stroke  of  the  engine  should  be  a 
eonstant  quantity. 
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If  the  clumgc  of  tlic  load  should  luii)pen  at  a  later  inoiiieiit  than 
iiuinediatcly  after  the  cutting  off,  the  governor  will  only  effect  a  par- 
tial correction  during  the  first  period,  and  Avill  require  two  periods  to 
complete  the  correction.  This,  also,  was  graphically  represented.  The 
usual  objection  to  this  kind  of  governor  is  the  permanent  change  of 
speed  following  a  permanent  change  of  load,  but  Mr.  IJilgram  thought 
this  less  serious  than  frequently  represented,  and  })ointed  out  liow  the 
remedy  generally  suggested — an  incu-ease  of  the  theoretical  sensitive- 
ness of  the  governor — is  invariably  a  failure. 

It  api)eard  from  this  that  isochronous  governors  theoretical!}'  not 
allowing  a  change  of  speed,  could  not  handle  a  steam  engine.  The 
<:|uestion  then  arises,  "  Can  a  governor  be  made  that,  in  case  of  a 
change  of  load,  though  theoretically  admitting  a  temporary  departure 
from  the  normal  speed,  will  eventually  restore  the  original  speed  ?  " 
This  question  Mr.  Bilgram  answered  in  the  affirmative,  and  proceeded 
to  show  how  the  purpose  could  be  effected  by  making  a  governor 
which  should  adjust  the  valve  gear  somewhat  more  than  necessary  to- 
meet  the  change  of  load  and  then  withdraw  the  surplus  adjustment  hj 
the  time  normal  .speed  was  restored.  Diagrams  were  presented  to- 
show  that  inertia  governors  would  not  effect  this  purpose,  nor  a  com- 
bination of  an  isochronous  resistance  governor  with  an  inertia  gover- 
nor. The  cause  of  the  failure  of  the  parabolic  go\'ernor  was  traced 
to  its  lack  of  stability,  and  Mr.  Bilgram  pointed  out  that  if  a  one-speed 
pendulum  could  be  converted  temporarily  into  a  .stable  pendulum,  a 
successful  governor  would  be  produced.  A  .spring  reacting  upon  the 
balls  of  a  one-speed  governor  would  make  the  pendulum  permanently 
stable,  but  by  substituting  for  the  spring  a  slightly  leaking  air  cushion 
the  desired  governor  would  be  obtained.  Mr.  Bilgram  then  showed 
how  the  size  of  the  air  cushion  (in  the  form  of  a  cylinder  and  piston) 
should  be  calculated,  and  said  that  such  a  governor  would  accomplish 
the  desired  purpose,  that  is,  produce  an  over-adjustment,  and  then 
retract  it  as  the  speed  is  returning. 

Mr.  Nystrom  said  that  he  fully  appreciated  the  value  of  Mr.  Bil- 
gram's  paper.  The  subject  of  isochronous  governors  was  very  fully 
discussed  before  the  Committee  of  Science  and  the  arts  two  years  ago. 
He  (Mr.  I^ystrom)  had  disagreed  with  Mr.  Bilgram  then,  and  he  dis- 
agreed with  him  now,  although  he  was  willing  to  admit  that  his  friend 
was  theoretically  correct.  If  we  turn  a  cylinder  in  a  good  lathe  we 
say  that  it  is  practically  cylindrical,  but  if  we  put  it  to  the  test  we  will 
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find  tliat  it  is  not  an  absolutely  true  cylinder.  The  pendulum  of  a 
clock  is  practically  isochronous ;  it  answers  the  purpose  of  an  isochro- 
nous pendulum,  yet  theoretically  it  is  not  isochronous  because  of  the 
slight  variation  in  the  angle  of  vibration.  But  isochronous  pendu- 
lums— the  cycloidal — can  be  made.-  These  are  theoretically  isochro- 
nous, and  cycloidal  pendulums  were  tried  on  clocks  in  Viemia  some 
years  ago,  when  it  was  found  that  they  did  not  keep  as  good  time  as 
common  pendulums.  Though  theoretically  more  perfect  they  were 
not  as  good  in  practice.  Applying  this  to  the  subject  of  governors,  I 
say  that  the  latter  can  be  made  practically  isochronous.  AVhen  a  gov- 
ernor, running  at  a  constant  speed,  can  keep  it  almost  closed,  it  is 
practically  an  isochronous  governor.  The  water-wheel  governor  is 
practically  isochronous.  It  is  true  that  there  is  a  slight  variation 
while  the  gate  is  being  moved  up  or  down,  but  it  is  so  slight  as  to  be 
of  no  importance.  In  further  illustration  of  the  same  point  as  to  the 
diiference  between  theory  and  ]>ractice,  Mr.  Xystrom  spoke  of  Prof^ 
Mark's  machine  for  drawing  absolutely  straight  lines,  saying  that  Sel- 
ler's planer  would  make  lines  a  great  deal  nearer  straight  in  practice,, 
although  Mark's  machine  might  be  tlieoretically  more  perfect.  In 
conclusion,  he  submitted  to  tlie  good  judgment  of  the  Institute  that 
governors  can  be  made  'practically  isochronous. 

Mr.  Bilffram  called  Mr.  Nvstrom's  attention  to  a  verv  decided  dif- 
ference  between  water-wheel  and  steam  engine  governors,  the  former 
not  having  the  factor  of  periodicity  in  the  admission  of  steam  to  con- 
tend against. 

Prof.  Marks  said  that  he  nmst  protest  against  the  use  of  the  word 
isochronous  as  applied  to  governors,  since  the  latter  could  not  become 
operative  until  a  change  of  speed  had  made  it  necessary  for  them  to 
act.  As  to  his  machine  for  drawing  a  straight  line,  it  was  only  a  rough 
model  he  had  shown,  and  yet  that  made  a  straight  line  as  far  as  the 
eye  could  detect,  when  comparing  it  witli  a  line  made  by  snapping  a 
drawn  string.  Possibly  the  line  was  an  arc  with  a  radius  of  100,000 
miles,  but  it  was  practically  a  straight  line. 

Mr.  Nystrom  asked  the  indulgence  of  the  Institute,  and  said  that,, 
though  he  admitted  the  correctness  theoretically  of  the  position  assumed 
by  Messrs.  Bilgram  and  Marks,  he  nevertheless  thought  the  term  iso- 
chronous should  still  be  employed  to  describe  governors  that  are  prac- 
tically perfect.     If  not,  and  its  use  is  to  be  restricted,  it  miglit  as  \\e\\ 
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I)('  struck    iVoiii   the  dictioiuiry  of  tcclinical    terms,  for  it  can   rcallv  he 
of  no  [)ractical  use. 

The  Secretiuy's  rc|K»rt  included  accounts  of  Goldschniid's  Aneroid 
Barometers,  witli  ^licrometrical  Screws,  two  forms  of  which  were 
sliown;  Juvet's  Time  (xlohe,  showing  the  time  of  any  place  by  a 
glance  on  the  equatorial  zone,  all  the  latest  ge(jgraj)hical  discoveries, 
isothermal  lines,  and  ocean  currents ;  Beck's  Large  Stage  Microscope, 
made  for  Dr.  Seller,  and  having  a  vertical  and  horizontal  motion  of 
four  inches,  for  sections  of  the  brain,  etc.,  of  that  size ;  Green's  Exten- 
sion Tables;  Von  Laer's  Binder  for  periodicals,  each  number  of 
which  is  held  in  place  by  a  se])arate  thin  metal  rod,  pivoted  at  one  end 
and  locked  in  position  at  the  other  by  means  of  a  horizontal  latch; 
Haworth's  Turbine  Motors  for  Sewing  Machines ;  and  Powell's  Bur- 
glar Alarm,  by  which  a  pa^Jer  cartridge  is  exploded  when  an  attempt 
is  made  to  open  a  door  or  window  to  which  it  may  be  applied, 
Sliort  pa[)ers  were  read  on  the  Hudson  liiver  Tunnel ;  Luminous 
Paints ;  Speed  of  Locomotive  Engines ;  Xew  Gatling  Gun ;  Stewart's 
Electric  Lamp ;  Engraving  and  Carving  Machines ;  Pneumatic  Dis- 
patch Tubes ;  Destructive  Western  Tornadoes ;  and  the  Result  of  the 
Examination  of  Silver  Ores  from  Leadville,  Colorado. 

]Mr.  D.  S.  Holman  exhibited  a  new  Compressorium  he  had  devised 
lor  observations  with  high  powers  under  the  microscope ;  also  a  moist 
chamber,  and  an  apparatus  for  showing  cell  structure. 

]\Ir.  Mitchell  moved  that  a  Committee  of  Conference  be  a[)pointed, 
to  consist  of  live  members  of  the  Institute,  to  meet  a  similar  commit- 
tee from  the  State  Agricultural  Fair  Exhibition,  and  report  to  the 
Board  of  Managers  at  their  next  meeting,  which  was  carried. 

The  President  announced  that  he  would  appoint  the  present  Com- 
mittee on  Exhibitions. 

Prof.  Frazer  moved  for  the  appointment  of  a  Committee  of  Chem- 
ists, to  examine  and  report  on  the  relative  scientific  value  and  novelty 
of  the  methods  described  by  experts  in  a  recent  will  trial,  but  the  con- 
sideration of  the  resolution  was,  on  motion  of  Mr.  McKean,  postponed 
for  a  month. 

Mr.  Cartwright  moved  that  the  Franklin  Institute  tender  a  vote  of 
thanks  to  Mr.  Bartol  for  his  liberal  gift  to  the  Drawing  Schools  of  the 
Institute,  which  was  carried. 

There  being  no  further  business,  the  Institute  adjourned. 

Isaac  Nokris,  M.  D.,  Secretary. 
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INFLUENCE  OF  PISTON  SPEED  ON  THE  FRICTIONAL 

AND  AIR  RESISTANCES  OF  AN  UNLOADED  STEAM 

ENGINE  AND  ITS  CONNECTED  LINES  OF 

SHAFTING  IN  A  FACTORY  OR 

MACHINE  SHOP. 


By  Chief  Engineer  Isherwood,  U.  S.  Navv. 


.  The  writer  liaving;  oeeasion,  during-  some  experiments  eonducted  bv 
him  in  the  machine  shop  of"  tlie  New  York  Navy  Yard,  to  know  the 
power  consumed  in  overcoming  tlie  friction  of  its  unloaded  engine, 
and  in  overcomino-  the  resistance  of  the  unloaded  numerous  and  Ions' 
lines  of  shafting  with  their  drums  and  belts  driven  by  that  engine, 
made,  for  the  two  cases,  the  determinations  hereinafter  stated  of  the 
mean  indicated  pressures  on  the  steam  piston  required  to  give  it  differ- 
ent speeds  varying  from  15  to  70  double  strokes  per  minute,  both 
inchisive,  and  increasing  by  five  double  strokes  at  a  time. 

The  engine  experimented  with  had  one  horizontal,  direct  action, 
non-condensing  cylinder,  driving  a  shaft  which  carried  a  fly-wheel  of 
15  feet  diameter  and  9  inches  face,  and  a  drum  of  7  feet  diameter  and 
30  inches  face.  A  leather  belt,  30  inches  wide  and  60  feet  long,  con- 
nected this  drum  with  the  lines  of  the  machine  shop  shafting.  The 
following  are  the  dimensions  of  the  steam  piston  used : 
Whole  No.  Vol,.  CTX. — (Third  Series,  Vol.  Ixxix.)  25 
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IViameter  of  the  piston,    .  .  .20  inclien. 

Diameter  of  the  piston  rod,       .  .  3i  inehts. 

Xet  area  of  th(;  jiiston,  exehisive  of  its  rod,     .     .'>09'35  s(\.  in. 
Stroke  of  the  piston,  .  .  40  iiiciies. 

WJjen  the  experiments  were  made  with  tlie  main  l»elt  tlirown  ofi", 
Itlie  steam  press'iire  on  the  piston  being-  exerted  in  overcoming  only  the 
resistance  of  the  engine,  per  w,  that  resistance  was  composed  of  the 
friction  proper,  and  of  tlie  resistance  of  the  air  to  the  moving  parts  of 
the  engine.  The  air  resistance  was  dne  to  displacement  resistance  and 
J:o  surface  resistance ;  the  former  being  its  resistance  to  the  moving 
»erosshe;id,  connecting  rod,  arms  of  the  fly-wheel,  arms  of  the  drnm, 
etc. ;  and  the  latter  being  the  resistance  to  the  peripheral  surfaces  of 
the  piston  rod,  connecting  rod,  shaft,  fly-wheel,  drum,  etc. 

"When  the  experiments  were  made  with  the  main  belt  in  action  upon 
ahe  main  drum,  and  driving  the  various  lines  of  unloaded  machine 
shop  shafting  together  with  thir  drums  and  connecting  belts,  the  resist- 
-tmce  to  the  steam  pressure  on  the  piston  in  addition  to  the  above  was 
that  due  to  the  peripheral  surfaces  of  these  lines  of  shafting  and  their 
<lrums,  to  the  surfaces  of  their  connecting  l)elts,  and  to  the  air  displace- 
ment by  the  arms  of  the  drums,  etc. 

By  deducting  the  steam  pressure  on  the  piston  required  to  give  it 
the  experimental  speeds  in  the  first  case  from  the  pressure  recpiired  to 
.give  it  the  same  speeds  in  the  second  case,  the  remainders  will  be  the 
pressures  required  to  drive  the  machine  shop  shafting,  peV*  se. 

In  such  determinations  the  air  resistance  is  generally  included  with 
ihe  friction  resistance  proper,  the  whole  being  attributed  to  the  latter. 
And,  when  the  experiments  are  made  with  an  unloaded  engine  alone, 
whose  moving  parts  move  slowly  and  are  of  great  weight  compar- 
.-ably  with  their  surfaces,  no  error  of  practical  value  is  thereby  made. 
But,  in  the  case  of  the  lines  of  shafting,  the  air  resistance  becomes  a 
very  important  constituent  of  the  total  resistance,  for  these  lines  being 
geared  up  to  an  extremely  high  speed,  and  having  very  extensive  sur- 
faces relatively  to  weight  in  their  shafts,  drums  and  belts,  the  resist- 
ance of  the  air  increasing  in  the  ratio  of  the  square  of  the  velocity  of 
the  shafting,  while  that  of  the  friction  remains  constant,  a  velocity  is 
practicable  with  which  the  air  resistance  may  equal  or  exceed  that  of 
the  friction.  The  current  of  air  created  by  the  face  surfaces  of  fly- 
wheels and  belts  is  so  strongly  sensible  that  the  most  careless  observer 
eT^unot  tail  to  be  impressed  with  the  power  consumed  in  its  production. 
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In  order  not  to  interfere  with  the  regular  work  of  the  machine  shop, 
and  thus  make  the  experiments  without  cost,  advantage  was  taken  of 
short  favorable  occasions,  at  different  times,  so  that  the  experiments 
were  not  all  made  during  the  same  day;  portions  of  four  days  were 
consumed,  but  at  no  great  intervals  apart. 

Two  carefully  tested  indicators,  with  scales  of  16  pounds  per  square 
inch  per  inch,  were  employed,  one  at  each  end  of  the  cylinder,  and 
the  motion  for  them  was  taken  direct  from  the  engine  crosshead  by 
means  of  a  long  and  stiff  wooden  lever  centered  upon  the  wall  of  the 
engine  house.  For  each  speed  of  piston,  five  indicator  diagrams  were 
taken  from  each  end  of  the  cylinder,  and  the  mean  of  the  pressures 
from  the  whole  ten  was  taken  as  the  true  piston  pressure  for  that 
speed. 

During  the  experiments  the  journals  of  all -the  shafting  were  lubri- 
cated from  oil  cups  of  excellent  construction,  delivering  the  same 
quantity  of  oil  per  revolution  of  the  shafts.  The  best  sjKn'ui  oil  was 
used,  and  no  change  whatever  was  made  in  the  inauuer  (»f  Iul)ricati()n 
during  all  the  experiments,  which  was  exactly  the  same  as  when  the 
engine  was  doing  its  regular  work  with  58  double  strokes  of  the  pist<m 
per  niiinue. 

Although  the  oil  cups  were  ari-anged  to  deliver  the  same  (luantity  of 
oil  to  the  journals  per  revolution,  it  does  not  follow  that  the  same 
quantity  was  received  by  them,  the  tendency  being  that  after  a  rotary 
speed  was  attained  at  which  the  centrifugal  force  was  large  in  propor- 
tion to  the  gravity  of  the  oil,  less  and  less  of  the  latter  went  on  the 
journals  as  their  speed  became  higher  and  higher.  If  such  was  the 
case,  the  lubrication  at  the  higher  rates  of  speed  was  less  than  at  the 
lower  rates.  As  regards  the  engine  journals,  this  could  not  have  much 
effect,  as  their  speed  of  revolution  at  the  highest  was  within  the  limits 
of  easy  lubrication  ;  but,  as  regards  the  journals  of  the  lines  of  machine 
shop  shafting,  the  case  was  very  different,  their  rofcuy  velocity  at  the 
highest  being  exceedingly  great,  as  they  were  very  much  geared  up. 
At  very  high  rotary  speeds,  the  writer,  in  some  late  experiments  on 
the  value  of  different  lubricants,  found  much  difficulty  in  getting  anv 
oil  to  flow  from  the  cups  upon  the  journals,  the  centrifugal  action 
keeping  back  the  liquid  in  the  cup,  although  the  feeding  was  satisfac- 
tory enough  when  the  speed  was  sufficiently  reduced  to  allow  the  grav- 
ity of  the  oil  to  overcome  the  centrifugal  action  imparted  by  the  rota- 
tion of  the  journals.     He  was  obliged  in  these  cases  to  mechanicallv 


364 


hherwood — Piston  Speed. 


[Joiir.  Frank.  Inst., 


force   the  oil   out  of  the  ciij)  upon  the  Jouruiil  by  means  of  a  loaded 
piston. 

Tlie  experimental   results   will   be  found    in    the  following  tables, 
uuiubered  1,  2,  3  and  4. 

Tajjle  No.  1,  s/ioivinf/  the  resutance  of  the  erif/ine,  per  se,  at  the  experi- 
mental speeds  of  piston  ;  the  main  belt  heiwf  removed  from  the  main 
drum  and  fJie  enijinc  irorhcd  mdoadcd. 


1 11(1  i  fa  t  ed    steam 
jii-e.ssure     on     the 
piston,  in   poinids 
per  sfjiiare  inch. 

Xuiiiher  of    do 
strokes  made 
minute      l)y 
steam  jjiston. 

(Revohitionsof 
gine  shaft.) 

15 

il.le 
per 
the 

en- 

1 11  d  i  e  a  t  e  d  steam 
pressure     on     the 
piston,  in    poiuids 
per  S(piare  inch. 

1-894 

N  u  m  Ij  e  r  of  double 
strokes  made  per 
minute  by  the  steam 
piston. 

( Revolutions  of  engine 
shaft.) 

2-022 

40 

2-013 

20 

2-194 

45 

1-613 

25 

2-095 

50 

1-706 

30 

2-335 

55 

1-942 

:J5 

2-048 

60 

A  simple  inspection  of  the  above  Table,  Xo.  1,  shows  that  the  pis- 
ton pressure  was  the  same  for  all  the  speeds  of  piston,  the  discrepan- 
cies being  irregular,  followiug  no  law,  and  very  slight  absolutely. 
Trifling  inequalities  in  the  friction  of  the  indicator  pistons  easily 
account  for  the  diflerences.  The  mean  of  the  determinations  for  the 
ten  different  and  widely  varying  speeds  of  piston  is  1-9862  pounds  per 
square  inch  of  piston  for  the  friction  resistance  of  the  engine,  per  se. 

In  the  above  Table,  No.  2,  the  resistance  appears  to  be  constant  from 
15  to  25  double  strokes  of  piston  per  minute;  but  from  25  double 
strokes  upward  there  is  a  continual  increase  in  the  resistance,  due  to 
the  causes  hereinbefore  stated.  This  increase,  though  marked,  is  irreg- 
ular, owing  doubtless  to  inequalities  in  the  friction  of  the  indicator 
piston,  and  to  other  causes  impossible  to  eliminate  or  even  discover  in 
such  experiments.  It  is  highly  probable  that  if  the  mean  steam  pres- 
sure had  been  obtained  from  a  greater  number  of  indicator  diagrams 
for  each  speed  of  piston,  more  regularity  would  have  been  found. 
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Table  No.  2,  showing  the  combined  resistance  of  the  machine  shop 
lines  of  shafting,  and  of  the  engine,  per  se,  at  different  speeds  of  piston ; 
the  main  belt  being  in  action  on  the  main  drum,  hut  with  all  the  toots 
disconnected  and  no  work  being  done. 


Number  of    double  | 

Number   of  double 

Indicated    steam 

strokes  made 

per 

Ind 

i  c  a  t  e  d  s 

team 

strokes 

made     per 

pressure     on     the 

minute     by 

the 

pressure     on 

the 

minute  bv  the  steam 

piston,    in  pounds 

steam  piston. 

pis 

on,  in   pounds 

piston. 

per  square  inch. 

(Revolutions  of 

en- 

per 

square  inch. 

1  Revolutions  of  engine 

gine  shaft.) 

shaft.) 

4-596 

15 

5-032 

45 

4-500 

20 

5-225 

50 

4-458 

25 

5-925  • 

55 

4-732 

80 

5-826 

60 

4-856 

35 

6-388 

65 

4-956 

40 

6-268 

TO 

In  tlic  following  Table,  Xo.  3,  are  the  re.sults  in  Tables  Xo.s.  1  and  2 
corrected,  that  is  to  say,  the  friction  resistance  from  Table  Xo.  1,  of 
the  engine,  per  se,  is  taken  at  the  constant  1-986  ponnds  per  square 
inch  of  piston  for  all  speeds  of  piston.  The  resistances  in  Table  Xo. 
2  are  corrected  bv  taking  a  straight  base  line  and  laying  off  on  it  a> 
abscissje,  by  scale,  the  number  of  double  strokes  made  In-  the  piston 
per  minute;  next,  on  right-angled  ordinates  to  the  base  erocted  at  the 
ends  of  these  abscissae,  laying  off,  by  scale,  the  experimental  resistances 
in  pounds  per  square  inch  of  piston,  and  drawing  a  fair  curve  through 
the  free  ends  of  the  ordinates,  leaving  as  many  ends  on  one  side  of  the 
curve  as  on  the  other,  and  at  the  same  distances ;  finally,  measuring, 
by  scale,  from  the  base  line  to  the  curve  on  each  ordinate  for  the  cor- 
rected resistance  at  the  corresponding  speed  of  piston. 

The  experimental  results  mider  the  actual  experimental  conditions 
are  valuable  in  showing  the  practical  effect  of  increasing  the  piston 
speed  on  the  pressure  required  to  overcome  the  resistance  of  the 
unloaded  shafting.  This  is  the  point  of  interest  for  factories,  machine 
shops,  etc.,  and  the  experiments  show  that,  owing  to  the  causes  herein- 
before stated,  this  pressure  increases  in  some  power  of  the  piston  speed, 
jnstead  of  l^eing  independent  of  it  and  therefore  constant  at  all  speeds, 
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as  \v<ml(l  l)e  tliL'  ca.sc  wfrc  the  resistance  purely  frictional.  Of"  course, 
t.'acli  factory  or  inacliiue  sliop  (constitutes  a  distinct  j)rol)lcni  ami 
requires  a  separate  solution.  No  general  law  can  he  given  other  than 
the  qualitative  one,  that  the  pressure  to  overcome  the  resistjufee  of 
nnloa(l(!(l  shafting  increa.ses  in  some  ratio  of  the  })iston  speed.  The 
experimental  results  also  show  that  the  resistance  of  the  unloaded 
engine  apart  from  the  shafting,  which  resistance  is  almost  one  of  pure 
friction,  is  constant  and  independent  of  the  piston  speed. 

Table  No.  3,  shoimng  the  corrected  resulta  of  the  experiments  for  ascer- 
taining the  separate  re><istances  of  the  engine,  per  se,  and  of  the 
machine  shop  lines  of  shafting,  per  se,  at  different  speeds  of  piston. 

Indicated    steam 
I  n  d  i  r  a  t  e  tl    steam      pressure     on     tlie  Indicated  steam  press- 
Number    of    double      ju'essure     on     the      piston,   in   pounds  ure  on  the  piston,  in 
strokes  made    per      piston,  in    pounds      i)er   square    inch,  pounds    per   square 
minute      by      tlie      per   square    incli,      required    to   work  inch,     required     to 
steam  piston.                requii-ed    to  work      both    tlie     engine  work    the    lines   of 
the  engine,  per  .-r.      and  tlie  unloaded  shafting,  per  .^e. 
shaftiuff. 


15 

1-986 

4-500 

2-514 

20 

1-986 

4-537 

2-551 

25 

1-986 

4-594 

2-608 

30 

1-986 

4-677 

2-691 

35 

1-986 

4-781 

2-795 

40 

1-986 

4-922 

2-936 

45 

1-986 

5-094 

3-108 

50 

1-986 

5-302 

3-316 

55 

1-986 

0-552 

3-566. 

60 

1-986 

5-823 

3-837 

65 

1-986 

'  6-146 

4-160 

70 

1-986 

6-469 

4-483 

The  resistance  of  an  unloaded  engine  and  its  connected  shafting  is  a 
passive  resistance  which  can  be  overcome  only  l>y  an  expenditure  of 
power ;  and  as  it  must  be  overcome  before  the  engine  can  move,  the 
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pressure  equilibrating  it  must,  in  tlie  case  of  a  loaded  engine,  he  first 
deducted  from  the  pressure  on  tlie  piston  shown  by  an  indicator  dia- 
gram, leaving  the  remainder  for  the  net  pressure  applied  to  the  crank 
])in.  The  overcoming  of  this  passive  resistance  involves  a  very  seri- 
ous loss  of  useful  effect,  and  as  the  portion  of  the  indicated  ])ressure 
applied  to  the  crank  pin  is  the  only  portion  available  for  external 
work  or  commercially  valuable,  the  same  engine,  kept  at  constant 
speed,  will  work  more  and  more  .economically  the  more  and  more  it  is 
loaded ;  hence  the  ])rincipal  advantage  of  using  higher  and  higher 
mean  indicated  pressures  on  the  piston;  but  this  advantage  grows  less 
and  less  with  each  increment  of  indicated  pressure,  because  the  con- 
stant pressure  required  to  equilibrate  the  friction  of  the  unloaded 
engine  and  shafting  becomes  a  less  and  less  proportion  of  the  indi- 
cated pressure  the  more  the  latter  is  increased.  Practically,  too,  there 
is  the  loss  due  to  more  heat  radiation  and  to  greatci*  steaui  leak-age 
Avith  each  increase  of  the  mean  indicated  pres;?ure. 

In  order  to  appreciate  the  aiiinnnt  of  power  :vbsorbed  by  the  resist- 
ance of  the  unloaded  engine  and  shafting  of  the  machine  shop  of  the 
New  York  Navy  Yard,  the  following  Table,  No.  4,  has  been  calculated 
for  the  experimental  speeds  of  piston  and  for  the  corrected  indicated 
steam  pressures  on  it  in  Table  No.  3.  Tlie  horses-power  thus  expendecU 
are  given  separately  for  the  engine,  per  se,  and  for  tiie  shafting,  per  se^ 

The  power  expended  in  overcoming  friction  reproduces  its  cnik>nfie- 
e([uivalent  in  the  rubbing  surfaces.  For  a  long  time  all  h-eld  the 
belief,  still  held  by  many,  that  the  heat  ])roduced  by  the  frictioii  of" 
one  solid  upon  another  was  due  to  abrasion  of  the  material,  or  rupture- 
of  its  cohesion ;  an  idea  plausibly  sustained  by  the  fact  that  the  smoother- 
and  harder  a  surface  "vvas,  and  the  better  lubricated  it  was  by  an  ?mc- 
tuous  liquid,  the  less  was  its  friction  when  moving  under  presstu'ej. 
and  the  less  also  was  the  abrasion  of  the  material.  But  this  exjjiaBa- 
tion  is  directly  refuted  by  another  fact,  of  which  the  Avorld  ?ong 
remained  in  ignorance,  namely,  that  the  friction  between  the  molecirles- 
of  liquids  develops  heat  in  absolutely  the  same  maimer  as  the  friction 
between  the  surfaces  of  solids,  while  it  is  evident  that  in  the  case  of" 
liquids  there  can  be  no  abrasion  of  material.  In  fact,  abrasion  dimin- 
ishes rather  than  increases  the  development  of  heat  by  the  rubl>inu 
tog-ether  of  two  surfaces. 
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Table  No.  4,  shotvinc/  the  horses-power  expended  in  overconiing  the 
resistance  of  the  engine,  [>gv  se,  and  of  the  shaftinr/,  per  se,  at  the 
different  experimental  speeds  of  piston  and  for  the  corrected  steam 
pressures  on  it  in  Table  No.  3. 


Xiinilier  of  doiilik-  "'""'*  •^*"1"'^*'*-'''  ex- Ho  r  ses-power  ex- 
strokes  made  per  pended  in  over-  jieiided  in  over- 
minute  bv  the  coming  the  resist-  ((jniing  tlie  resist- 
steam  piston.  anceoftlie  engine,      anoe  of  the  shaft- 

per  se.  ing,  per  .sr. 


Aggregate  horses-pow- 
er expended  in  over- 
coming the  resist- 
ances of  tlie  unload- 
ed engine  and  sliaft- 
ing. 


15 

1-8617 

20 

2-4823 

25 

3-1029 

30 

3-7235 

35 

4-3440 

40 

4-9646 

45 

5-5852 

50 

6-2058 

55 

6-8263 

60 

7-4469 

65 

8-0675 

70 

8-6880 

2-3567 

3-1885 

4-0747 

5-0452 

6-1136 

7-3394 

8-7405 

10-3617 

12-2571 

14-3876 

16-8986 

19-6116 


4-2184 

5-6708 

7-1776 

8-7687 

10-4576 

12-3040 

14-3257 

16-5675 

19-0834 

21-8345 

24-9661 

28-2996 


Wheu  a  body  undergoes  friction,  its  molecules  are  mechanically 
thrown  by  the  rubbing  pressure  into  increased  vibration,  their  resist- 
ance to  which  is  Avhat  is  known  as  the  resistance  of  friction,  and  is 
directly  proportional  to  the  pressure  producing  the  increased  vibration. 
The  heat  developed  by  the  friction  being  the  result  of,  is  also  directly 
proportional  to,  the  increa.sed  molecular  vibrations,  and,  consequently, 
is  directly  proportional  to  the  pressure  producing  them.  There  can 
be  no  other  law  of  friction  than  this  simple  one  of  the  direct  propor- 
tionality of  its  resistance  and  of  the  heat  generated  by  it,  to  the  mov- 
ing pressure  which  causes  it,  and  all  properly  conducted  and  intelli- 
gently interpreted  experiments  sustain  that  fact.  Hence  the  powers 
required  to  overcome  the  friction  due  to  a  given  pressure,  moving  at 
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different  velocities  upon  a  given  surface,  are  directly  as  the  velocities. 
And  the  powers  required  to  ov^erconie  the  friction  due  to  different 
pressures  moving  at  the  same  velocity,  upon  the  same  surface,  are 
directly  as  the  pressures. 

The  effect  of  liquid  unguents  in  diminishing  the  friction  of  solid 
rubbing  substances  between  ^vhicll  they  are  interposed,  is  due  to  the 
fact  that  liquids  oppose  less  resistance  to  increase  of  molecular  vibra- 
tion than  solids.  With  perfect  lubrication,  the  solids  never  come  in 
contact,  but  they  nevertheless  undergo  some  friction.  The  increased 
molecular  vibration  is  primarily  given  to  the  liquid  alone,  which  then 
comnumicates  a  portion  of  it  to  the  solids.  The  })opular  idea  that  if 
the  solid  rubbing  surfaces  be  kept  apart  by  a  liquid  unguent  they  will 
experience  no  friction  is  fallacious.  Their  friction  in  that  case  M'ill, 
indeed,  be  a  practical  minimum,  and  very  slight  in  comparison  with 
what  it  would  be  with  the  surface  in  contact ;  but  it  will  exist,  and 
show  its  existence,  in  the  tact  of  different  solids  having  different  coeffi- 
cents  of  friction,  with  the  same  unguent,  under  pressures"  less  than 
those  necessary  to  produce  contact,  and  with  surficcs  of  the  same 
deg-ree  of  smoothness.  The  different  friction  coeffieients  of  different 
solid  substances,  in  the  same  condition  as  regards  sufficient  ((uantity 
of  tlic  same  lubricant  to  prevent  contact,  jn'essure  per  square  incii  and 
smootliness  of  surface,  are  due  to  the  difference  of  their  resistances  to 
increa'^e  of  molecular  vibration  ;  in  this  respect,  one  substance  being 
much  better  than  another  tor  practical  use. 


Measurement  of  Electromotive  Force.— Pellat  uses  a  metlud 
of  opposition  analogous  to  that  of  I'oggendorff',  combined  with  an 
electrometer,  which  he  substitutes  for  the  ordinary  galvanometer,  thus 
removing  all  fear  of  polarization  of  the  measured  element  and  of  the 
interference  of  the  resistance  with  the  sensibility.  Thus  Daniell  cells, 
with  an  internal  resistance  of  10,000,000  ohms,  have  been  measured 
with  the  same  electromotive  force  and  with  the  same  approximation  as 
the  largest  cells.  The  standard  employed  was  a  Latimer-Clarke  ele- 
ment ;  the  compensatory  circuit  Avas  a  tine  platinum  wire ;  the  intensity 
of  the  compensatory  current  was  so  regulated  that  each  millimetre 
represented  a  difference  of  potential  equivalent  to  a  Latimer-Clarke 
millimetre.  AYith  this  wire  and  a  capillary  electrometer  Pellat  secures 
an  approximation  of  one  two-thousandth. — Sac,  Franc,  de  Phys.      C. 
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To  Compute  Displacement  Aim'roximately. 
Coe^cient  of  Displacement  of  a  vessel   is  ratio  that  voluiuc  nt'  dis- 
placement beat's  to  the  parallelopipedon  circiiinscribiiig  inunersed  body 

V  . 

=  C.       \    rcpirsentmr/  rokiiih' of  dix placement  In   ciihc  feet,. 


LXBXB 

L  length  af  iniuier.iecl  icafer  line,  H  e.vlreinc  hiradf/i,  and  />  drciit/Jif 
ill  depth  of  hnmersion,  all  in  feet. 

Coefficient  of  Area,  of  a  Midship  Section  in  Plane  of  a  Wafer  Line 
\<  ratio  Mhich  their  areas  bear  to  that  of  circumscribing  rectangle. 

L  representing  lengtJi  of  irater  line,  and  J)  distance  hetireen  irater 
lines,  both  in  feet. 

Coefficients.     By  S.  M.  Book,  <  'onstructoi-  U.  S.  N. 

Rule. — Multiply  the  length  of  the  vessel  at  the  load  line  by  tiie 
breadth,  and  the  product  by  the  depth  (from  the  load  line  to  the  under 
side  of  the  garboard  strake)  in  feet,  and  this  product  by  coefficient  for 
vessel  as  follows:  divide  by  o5  for  salt  water,  36  for  fresh  water,  :nul 
the  quotient  will  give  the  displacement  in  tons. 

Amidship  sections  range  from  "7  to  '9  of  their  circumscribing  square 
and  the  mean  of  the  horizontal  lines  from  '55  to  '75  of  their  respective 
parallelograms.  Hence  the  ranges  for  vessels  of  the  least  eaj)aeity  to 
the  greatest  are  •7X-55  =  -385,  and  •9X-75  =  -675. 

Merchant  ship,  very  full,  .  .  .  .  •(!     to  "7 

"  "     medium,  .  .  .  .        -rtH  to  -62: 

River  steamer,  stern  wheel,  .  .  .  .  '(J    to  "65 

iShip  of  the  line,  .  .  .  .  '.       '5    to  "6 

Naval  steamer,  first  class,  .  .  .  .  '5    to  '6 

.     "  "         .  .  .  .  ,  .       -52  to  -Sa 

Merchant  steamer,  shai-p,  ....  -54  to  "58 

Half  clipper,      .  .  .  .  ...       '52  to  '56 


June,  1880.] 


Jlasivell — Naval  Arehitedure. 


371 


Brigs,  barks,  etc.,     ..... 

River  steamer,  tug  boat,  medium, 

Merchant  steamer,  medium, 

('lipper,  ..... 

Schooner,  medium,   . 

River  steamer,  tug  boat,  sharp, 

''  "         medium,  .  .  . 

"         sharp,     .... 
Schooner,  sharp,  .... 

Yaclits,  sharp,    .  .  .  •  • 

"       very  sharp,  .... 

River  steamers,  very  sharp. 

In  the  steam  launch  Miranda,  when  making  1G*2  knots  per  hour, 
with  a  dispUicement  of  58  tons,  her  coefficient  was  3. 

Coefficient^'.     By  C.  Mackroiv,  M.  I.  N.  A. 


52  to  -56 
52  to  -56 
52  to  -54 
5  to  -54 
48  to  -52 
45  to  -5 

45  to  -5 
42  to  •45- 

46  to  -5 
4    to  -45 
36  to  -4 
36  to  -42 


Description  of  Vessel.  Leiij;tli.  IW-eadili. 

T        ni  A  (  225  45 

^^••^"^^^^^ \  325  59 

(  350  35 

Mail  Steamers '   .385  42 

(  368-27  42-5 

Ar      I      f  11  <   220  27 

Merchant,  small -       q^  1  f^ 

,,      u    .  *  il25  23 

^^""boats ^Ijg^)  3^.3 

,p         ex-  (  350  49-12 

^^'^«1^^^"P^ \  340-5  46-13 

Swift  Naval  Steamers      o^n '^  49  *" 

Fast  Steamers,  R.  N 300  40-27 


Coefficient 
Me;ni     Displace-      Amid-  Water 
Draught.      nient.    ship  sec.    lines. 


15 
24-75 

21 
22 

18-71 

8 
4 

8 
12 

23-5 
15-75 

22-75 
19 

14 


715 
64 

687 
659 
.516 

702 
637 

536 
466 

47 
4 

483 
497 

414 


932 

81 

-755- 
-71 

85 
88 
812 

•84 

-8 

•6.35- 

912 
914 

•742. 
-704 

87 
745 

•616. 

•6oa 

674 

68 

•7 
-582: 

787 
792 

•614 

•628 

711 


711 


To  Compute  Centre  of  Gravity  or  Buoyaxcy  Approxi- 

MATEEY. 

:^  to of  inean  draught  of  hud,  usiiio-  the   larger  coefficient  for  full- 

5      20 

bodied  vessels.    ' 
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To    COMPUTK    DkI'TII    of    CkNTRE    of    (JltAVITV    Olt    JJroVANCV 
JiKj.ow   Mkta   CkN'I'UK. 

. ^=  (I.     S  rei)re.s<'iifiiia   xtnlicdl  stdhiUtn.   J)  (lisuldccincui   in 

D  sin.  M  '  -  ^ 

tons,  and  sin.  M  sine  of  (iikjIc  of  heel. 

Illustration. — Elements'  of  Fig.  2  (in   ])rocc(:lintr  number,  pa<;e 

290)  are  statieal  stability  at  ano-le  of  5'44°  90  tons,  and   (lis|)lacement 

204-33  tons. 

90 


Then 


204-33  X -0999 


=  4-41  feet. 


To  Delineate  Cuiive  of  Drsi'LACEMEXT. 
This  curve  is  for  purpose  of  ascertaining  volume  of  water  or  tons 
weight,  displaced  by  immersed  hull  of  a  vessel  at  any  given  or  required 
draught;  or  weight  required  to  de})ress  a  hull  to  any  given  or  required 
draught.  From  results  of  computation  for  displacement  of  vessel, 
proceed  as  follows.  Fig.  3  : 

On  a  vertical  scale  of  feet  and 
inches,  as  AB,  set  off  depths  of  keel 
and  water  lines,  draw  ordi nates 
thereto  representing  displacement  of 
keel  and  at  each  water  line  in  tons. 
Through  points  1,  2,  3,  4  and  5 
delineate  curve  A  5,  which  will 
represent  displacement  at  any  given 
or  required  draught. 
^  ^  Draw  a  horizontal  scale  corres- 
ponding to  weight  due  to  displacement  at  load  line,  as  AC,  and  sub- 
divide it  into  tons  and  decimals  thereof,  and  a  vertical  line  let  fall 
from  any  point,  as  x  at  a  given  draught  will  indicate  weight  of  dis- 
placement at  the  depth  or  scale  A  C,  and  contrariwise  a  line  raised 
from  any  point  as  z  on  .40  will  give  draught  at  that  weight. 

Illustration. — Displacement  of  hull  (illustration  at  pages  226-7) 
at  load  line  =  71518  cube  feet,  which  -=-  35  for  salt  water  ^  204-3 
tons,  hence  A  s  represents  tons  and  is  to  be  subdivided  accordingly. 

Assume  her  launching  draught  to  have  been  6  feet,  then  a  vertical 
let  fall  from  4  will  indicate  weight  of  hull  in  tons  on  AC. 
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CURVE    OF    WEIGHT. 
To  ASCERTAIN  NuMBER  OF  TONS  REQUIRED  TO    DEPRESS  A  VeSSEL. 

OxE  Inch  at  any  Draught  of  Water  Parallel 
TO  A  Water  Line. 

Rule. — Divide  area  of  plane  by  12,  and  again  by  35  or  36,  as  may 
be  required  for  salt  or  fresh  water. 

Example. — Area  of  load  water  line  of  a  vessel  is  14^2  square  feet. 
What  is  its  capacity  per  inch  ? 

1422  ^  12  =  108-5,  which  ^  35  =  3-1  fo7is. 

To  Compute  Common  Centre  of  Gravity  of  a  Vessel. 

Rule. — Compute  moments  of  weights  of  hull,  spars,  outfits,  stores^ 
etc.,  relatively  to  assigned  vertical  and  horizontal  planes,  by  multiply- 
ing weight  of  each  part  by  its  vertical  and  horizontal  distance  from 
these  planes. 

Add  together  these  moments,  according  to  their  position  forward  or 
aft,  or  above  or  below  these  [)lanes,  and  the  difference  between  these 
sums  will  give  position  forward  or  aft,  or  above  or  below,  according- 
to  whicli  are  the  greatest. 

Divide  results  thus  asceratined  by  total  weight  of  vessel,  and  pro- 
duct will  give  vertical  and  hoi-izontal  disttmces  of  centre  hi'  gravity 
from  these  planes. 

It  is  customary  to  assume  vertical  plane  at  dead  Hat,  and  horizontal 
plane  at  load  line. 

_  Note. — In  following  illustration,  in  order  to  simplify  computation 
in  table,  common  centre  of  gravity  of  machinery,  battery,  etc.,  is  taken 
instead  of  centres  of  individual  parts,  as  engine,  boiler,  propeller, 
etc.  etc. 

T(j  Compute  Centre  of   Gravity  of   Bottom   Plating   of  a 

Vessel. 

Longitudinal. 

Rule. — Measure  half  girths  of  plating  at  equidistant  sections,  as 
at  two  or  more  frames.  Multiply  these  in  accordance  with  Simpson's 
rule  for  areas  and  add  products  together. 

Multiply  each  of  these  products',  in  their  order,  by  the  number  rep- 
resenting the  number  of  intervals  of  the  section  forward  and  abaft  of 


574 


HaisweU — Naval  Arehitecture. 


[Jour.  Frank.  Inst. 


<I 


8 


.;^ 


_  ^ 


w 


_6C 

fa 


w 


M 


CQ 


^ 

QC 

'^ 

r-4 

lit 

oo 

>C 

iC 

'-,£:   r-(  1- 

o 

,_ 

O  C 

(^ 

CO   1—1 

1—1 

-t 

(M  CO  C 

c:: 

-t 

>0     ^X"     T-H 

■ 

iC 

1- 

-M  <M 

A/* 

C£ 

oc 

CO  ^O  T- 

"^ 

fa 

faco 


r^ 

X)  O 

"i 

-*  o 

•^ 

<x>  c 

T— ( 

fa 

CO  o 

GO 


O  O  CM 
fM  :o  CO 
t^  CO  o 


p        "^ 


fa 


fa  CM  Tt^ 


lO 
CM  lO 


(M 


S'^'OCOrHOt^CqO'OOfM 
tnCqcM  COCO  C^Jt-t^COO 
^  T-i  -rt^  O         (M 


c 
o 

(M 


'bt)    ". 


CC 


a; 


s 


t-    o 


>. 

o 


c3  5 


a) 


■S  3  ^  ^ 

=,    .  ^  *  ?^  ""  ^ 

fl     rD     5»     <*        ^  -^  bJO 

H    o    fi    '— I  s-i    a;  r— 

■  c 

,.   ,  o 

,-^      tj      ?H      03  02 

^    9^    ni  .^      .  •r 


i:3yo3-ua;iCo32r 


D 


O    1^ 


>^ 

0 

0 

(M 

t^ 

•s 

1?) 

bn 

-^^ 

a* 

be 

"^ 

a; 

•1- 

'' 

I— 

•1- 

(M 

(M 

01 

c; 

Tf 

C        cr. 


q^ 


'^     OJ     T 


CO    c3     I    '-*- 

t-    ::i  CO   • 

rl  ^  lO  '-' 

<5=  ^  ;3  — 


OS    S  S  =5 

dj     03  03  C 

F— '         >  O  --^ 

9  ^  <v  ^ 

i2  g  o  i 

^  S  =3  a; 

a;  — 

ac'    o  'J2  -M 

?5  ^  S^  S 


c        o 


June,  1880.] 


Huswell — Naval  Architecture. 


375 


dead  flat.  Divide  difference  of  these  moments  by  sum  of  products  of 
half  girths  previously  obtained.  Multiply  product  by  common  dis- 
tance between  sections,  and  result  will  give  distance  of  centre  of  grav- 
ity from  dead  flat  in  a  horizontal  plane. 

Illustration. — Assume  half  girths  as  in  following  table,  and  dis- 
tance between  sections  10  feet. 


Moments 


92 

84 
228 
136 

7o 


Forward. 

Section. 

Half  Girths. 

Multipliers. 

Product. 

Multipliei-s. 

No. 

Feet. 

Dead  flat... 

25 

1 

25 

- 

A 

23 

4 

92 

1 

B 

21 

2 

42 

2 

€ 

19 

4 

76 

3 

D 

17 

2 

34 

4 

E 

15 

1 

15 

5 

615 


Abaft. 


1 

23 

4 

92 

1 

92 

2 

20 

2 

40 

2 

80 

3 

18 

4 

72 

3 

216 

4 

16 

2 

32 

4 

128 

5 

14 

1 

14 

5 

534 

70 
586 

Moments,  forward,  615  —  nloraents,  abaft,  586  ^  29  -^-  total  pro- 
duct, 534  :=  -054,  which  X  10  feet  =:  "54  feet  forward  of  dead  flat. 


Centre  of  Lateral  Resistance. 
•Centre  of  Lateral  Resistance  is  centre  of  resistance  of  water,  and,  as 
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its  [xwition  is  changed  with  the  velocity  of  a  vessel,  it  is  variable.  It 
is  generally  tiiken  at  centre  of  immersed  vertical  and  longitudinal 
plane  of  a  vessel  when  upon  an  even  keel. 

If  a  vessel  is  constructed  with  a  drag  to  her  keel,  the  centre  will  be 
moved  proportionately  abaft  of  the  longitudinal  centre. 

Yacht  Aiiirrictt  had  a  drag  to  her  keel  of  2  feet,  and  centre  of  late- 
ral resistance  of  her  iiull  was  8"08  feet  abaft  of  centre  of  her  length 
on  load  line. 

Centre  of  Effort. 

Centre  of  Effort  is  centre  of  pressure  of  wind  upon  sails  of  a  vessel 
in  a  vertical  and  longtudiual  plane.  Its  position  varies  with  area  and 
location  of  sails  that  may  be  sj^read,  and  it  is  usually  taken  and 
determined  by  the  ordinary  standing  sails,  such  as  can  be  carried  with 
propriety  in  a  moderately  fresh  breeze. 

In  computing  this  position,  the  sails  are  assumed  to  be  braced 
directly  fore  and  aft. 

XoTE. — Centre  of  effort  of  sails,  to  produce  greatest  propelling  effect, 
must  accord  with  capacity  of  vessel  at  her  load  line,  compared  with 
fullness  of  her  immersed  body  at  its  extremities.  Thus  a  vessel  with 
a  full  load  line  and  sharp  extremities  below,  will  sustain  a  higher  centre 
of  effort  than  one  of  dissimilar  capacity  and  construction. 

To  Compute  Location  of  Centre  of  Effort. 

Rule. — Multiply  area  of  each  sail  in  square  feet  by  height  of  its 
centre  of  gravity  above  centre  of  lateral  resistance  in  feet,  divide  sum 
of  these  products  (moments)  by  total  area  of  sails,  and  quotient  will 
give  height  of  centre  in  feet. 

2.  Multiply  area  of  each  sail'  in  square  feet,  centre  of  which  is  for- 
ward of  a  vertical  plane  passing  through  centre  of  lateral  resistance,  by 
direct  distance  of  its  centre  from  that  plane,  and  add  products  (moments) 
together. 

3.  Proceed  in  like  manner  for  sails  that  are  abaft  of  this  plane,  add 
their  products  together  and  centre  of  effort  will  be  on  that  side  which 
has  greatest  moment  of  sail. 
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Example. — Assione  Elements  of  Yacht  Aiacrlca  as  Huji/cd  irhcn  in 

U.  S.  Service. 

Pleight  of  Distance  of  centre 

Sail.  Area.     cent,  ofgra-    Vertical  of  gravity  of  sails.  Moments 

vitv  of  sails,  moments  Forward      Abaft.     Forward      Abaft. 


Sq.  feet. 

Feet. 

Flying  Jib.. 

65 

28 

18;j68 

Jib 

1087 
1455 

26 

28262 

Foresail 

41)470 

Mainsail 

2185 

.■>5 

76475 

52  :]4112, 

32  34784 


.'}  4365 

40  8740O 


5383  172575  68896    1>1765 

Vertical  moments  172575        oi^  ,\,'        i    ■  i  j    .■        j        i  j       r 

=  .)JM)()  z=:  h('if/hf  lit  centre  above  lunfre  of 


Area  of  sails  538^ 

lateral  resistance. 

..      \    68896x91765         ,..,-         ,.  .  .•       ,        /    ,v 

Moments ^  4*2o  =  dixtance  oi   centre  <(hatt  centre  of 

lateral  resistance. 

Relative  Positions  of  Centre  of  Effort  and  of    Lateral 

Resistance. 

I'or  square  ra/e/ea  vessel  — ^^ 1 —  =  is. 

^  10  {d'+d") 

For  fore  and  aft  rigged  vessel  =  is  and  -  — -  =  is''.     /> 

^  •        ^'  10  {d'+d")  5d 

representing  length  of  load  line,  d  distance  of  centre  of  buoyancy  of  ves- 
sel beloic  load  line,  d'  distance  of  centre  of  lateral  resistance  aheift  centre 
of  load  line,  d"  distance  of  centre  of  buoyany  before  centre  of  load  line, 
U  distance  of  centre  of  efort  before  centre  of  Icderal  resistance,  a)id  E' 
distance  of  centre  of  effort  above  centre  of  lateral  i'esi.stance. 

Meta  Centre, 

Meta  centre  of  a  vessel'.s  hull  is  determined  by  location  of  centre  of 
gravity  or  buoyancy  of  immersed  bottom  of  hull,  for  it  is  that  point  in 
transverse  section  of  hull,  where  a  vertical  line  raised  from  its  centre 
Whole  No.  Vol.  CIX. — (Thikd  Seribs,  Vol.  Ixxix.)  -27 
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<»("  ur;i\irv   !>!•   l)ii()\-;nicy   intersects  ;i    line    p:issiiiti-   tliruiiiili   ciiiiti'c  of 
>rr:ivity  -.f  hull.  :is  lu^j;.  .">,  piv^c  290. 

To  ('o.Mi'i  ri;   IIi:i(;iii'  oi    Mirr.v  Ckxtrk. 

fill  Moi/i'iif  of  Incrfia         =  M.      I  irijn'srnflno  luoiiirni  of    inertia 

of  area  of  lathr  line  or  plane  of  jiotaiion  and  D  volume  of  displacenienf 
in  cube  feet. 

XoTE. — "Moment  of  inertia  "  of  an  area  is  sura  of  products  of  each 
element  of  tliat  area  by  s(|uare  of  its  distance  from  axis,  about  which 
moment  of  area  is  to  be  computed. 

To    ASrKRTAIX    MoMK.VT    OF    I.NERTI.V    APPROXIMATELY. 

n,ot<,n<th'    =    CLW    ('=    1  :  \\lien/.  =  45:r'=  A,  =   .")  />'   : 
■  12  50 

2(  to  20 

With  \efv  tine  lines  and  threat  proportionate  length  C  =   — 

25 

L  and  B  measured  at  Load,  Line. 

BY    MOMEXT    OF    IXERTIA. 

Ieeu.stration. — Assume  length  of  vessel   233  feet,  breadth   43, 

<lraught    16   and   displacement   2700   tons.      Length  =  5'65    beams; 

21         ^ 
hence  '' '  is  taken  at  ~^ —    Volume  of  disidacement  =  2700  X  35  = 

400 
i)2,50( )  cube  feet. 

;i  X  2; 

"400X92500 


rhen  ^ix^33x4;j-  -^Q..j_     j^_^,^^.^  j^^j  j^^  ^^.^^^  -^^j._^_^  ^.^^^_ 


BY    ORDIXATES.' 

KuLE. — Divide  a  half  longitudinal  section  of  load  water  line  by 
ordinates  perj)endicular  to  its  length,  of  such  a  number  that  area 
between  any  two  may  be  taken  as  a  parallelogram.  Multiply  sum  of 
cubes  of  ordinates  by  respective  distiinces  between  them,  and  divide 
two-thirds  of  product  by  volume  of  immersion,  in  cube  feet. 

Illustratiox.— Take  dimensions  from  Figs.  1  and  2,  p.  225. 
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Cu!..-. 

12o 
456 

857 
970 
iOOO 
885 
475 
:U4 
(U 

514(3 

10 


ORDIXATES, 

4 

Length. 

5* 

^3 

7"7 

0 

l)-5 

1 

;5-!) 

Dead  Hat, 

.     10- 

A 

9-6 

B       . 

-       7-8 

€ 

<)-8 

D       , 

.       4- 

514(j() 


o)  102920 
7151-8)  3430G-(; 


4-77  feet. 


BY    AREAS. 


Z  {a'^W^2c'^4cP^e')  i   +F+A 

? - =  M 

D 

a,  h,  e,  d  and  e  representing  ordinates  of  1st  or  toad  ir<(trr  Line,  F 
area  of  irver/ular  seetion  between  1st  frame  taken  and  stem,  and  A  area 
of  like  section  between  last  frame  and  >!ter7i  post,  in  square  feet,  I)  dis- 
placement, in  cube  feet,  and  I  distance  between  frames  or  sections  of  ivatev 
line,  as  may  be  taken,  infect. 

If  there  are  more  ordinates,  their  coefficients  must  be  taken  in  h'kc 
manner,  as  1-4-2-4-2-4-1. 

For  operation  of  this  nietliod,  see  Simpson's  rule  for  areas. 

To    ASCERTAIN    ArEAS    OF    F  AND    .4. 
d  e  b  a 


-  a  b   X  b  c^  -  d  e  X  e  r/ 

f =  F  and   t =  .4 
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A\'HAT   IS  TIIK  MOST  ECONOMICAL   POINT  OF  CUT- 
OFF FOR  STEAM   ENGINES? 


Vyy  \Vm.  1).  Makks, 

W  liiliiov  I'rol'c'ssor  ol  J)\iKiiiiic;il  I"]n.i;inc'in'iug,  Iniversitv  of  l'c'iiiisylv;mi;i,  l'hil:u 


I'robabJ)'  iiu  (juestiuii  is  more  fi'e(juciitly  iLskcd,  and  lia.s  hitherto 
received  more  iinsatisfactorv  replies  from  the  experts  in  steam  engineer- 
ing, than  A\'liat  is  the  inost  (M'ononiical  pDint  of  ciit-off  for  .steam 
eny-ines  ? 

Some  writers  have  reeomnicnded  tliat  the  point  of  cut-ott' should  be 
determined  by  dividing  two  bv  the  square  root  of  the  .steam  pressure 
in  })oiinds  per  s([uare  inch,  ahhough  they  have  not  stated  their  reasons- 
when  they  stated  their  facts;  others  have  passed  this  point  over  in 
silence,  and  still  others  have  endeavored  to  determine  the  point  of  cut- 
off, giving  tlie  most  ecoiKindcal  results  by  many  and  costly  ex])eri- 
nients. 

When  \vc  retiect  upon  the  fact  that  nearly  every  man,  woman  and 
child  in  this  country  has  laboring  for  it  one  horse-power  in  its  .steam 
engines,  the  innnense  saving  derivable  from  a  ready  rule  for  the  eco- 
nomical adjustment  (jf  the  expansion  of  .steam  will  appear  in  all  it.s- 
importance,  and  the  writer  therefore  hopes  that  the  following  original 
investigation  and  enunciation  of  a  simple  rule  will  prove  of  much 
interest  and  i)roiit  to  all  using  steam. 

It  will  at  once  be  perceived  that  the  work  done  during  one  stroke 
tif  an  engine  is  equal  to  the  mean  pressure  nudtiplied  by  the  volmne 
of  the  cylinder  swept  through  by  the  piston. 

Let  P  =  the  mean  pre.ssure  in- pounds  per  .square  inch  (absolute). 
"   P,^  =  the  initial         "  "  "  " 

"    B  =  the  back  "  "  "  " 

"    e    =  the  fractional   ])art  of  the  .stroke  at  which  the  steam  is  cut 

off' by  the  valve  motion. 
"     E=  the  volume  of  the  steam  cylinder. 
''    iJ  =  the  economy. 
Now  it  will  further  be  acknowledged  that  the  economy  increases 
directly  a.s  the  work  done  during  one  stroke  and  inversely  as  the  .steam 
used  during  one  .stroke.     Therefore  we  have 
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/.■=^i;=^-  (1) 

e   I  e 

We  have  tiu'ther  the  well  known  formula  for  the  mean  effective 
l^ressLire  of  steam  used  expansively,  supposed  to  expand  according-  to 
Mariotte's  law — 

e  P„  Tl  -  /.i1   —  B  (2) 

A\'hile  this  does  not  accurately  represent  the  law  of  cxi)ansion  of 
steam,  it  does  it  with  close  approximation,  for  all  practical  purposes. 
Substituting  the  value  of  P  from  ecpiation  (2)  in  equation  (1),  we 
Jiave 


P 


P  =  P„  [l+^-^]   -  y  (3) 


Differentiatiiiu"  with  respect  to  r,  and  secUing  the  inaximuni,  we  find 
it  to  ])(• 

e  =  —  (4) 

That  is,  the  fnictlona/  part  of  the  stroke  ;/iriit(/  the  lao.st  economical 
point  of  cut-off  for  a  steam  en</ine  eijucjx  tJie  a/)solute  back  pressure  per 
square  inch  dirided  bi/  the  a/tsofiife  initin/  jtressure  of  the  steam  per 
square  inch. 

Exa:\[PLK. —  In  a  condensing  engine,  let  the  gauge  pressure  =  45 
pounds,  and  the  absolute  back  pressure  =  3  |)()unds. 

e  = =  —   of  the  stroke. 

45  +  15         20 

If  the  engine  be  supposed  non-condensing,  an<l  the  absolute  back 
pressure  =15  pounds  (1  atmosphere),  we  have 

e  =  —  =   _  of  the  stroke. 
60         4 

If  in  ecpiation  ('.^)  we  substitute  the  vahie  of  e  =    1-   we  have 

^  1. 

^^  =  ^'..  [l^^-  ^]   -  P^   =  P^.  I'  ^  (5) 

Avhich  gives  us  a  comparative  estimate  of  the  economy  of  the  condens- 
ing and  non-condensing  engines  having  the  same  initial  pressures. 
Thus,  for  the  non-condensing  encrine  we  have 


E 
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JJ  =  •2•:^n■2n  l\  loo-.  ^' 
"    B 

or 

7^;=  2-;{()26  X  60  X  ()-60206  =  S3-17 

Mild  for  the  ('011(101181  ng  engine  we  have 

]^=  2-3026  X  60  X  1-30108  =  I75)-74 

.showing  that,  when  both  engine.s  are  worked  to  the  be.st  advantage, 
the  conden.sing  engine  i.s  more  tluin  twiee  a.s  economica)!  as  the  non- 
condensing  engine.  The  writer  [)roposes  to  add  a  more  exact  demon- 
stration in  the  near  future,  but  engineers  will  find  the  above  niethocl 
simple  and  exact  enougli  for  all  ordinary  practical  purposes^. 
April  23d,  1880. 

TFIE  DECIMAL  GAUGE. 

i)V   ROKT.  BRKiGS,  CE. 


The  Society  of  Telegra|)iiic  Engineers  of  London  have  liiad  under 
consideration  the  subject  of  a  gauge  for  wires  to  be  used  for  telegraphic 
purposes.  The  conchisions  of  the  committee  (as  reported  iiv  the  La 
Lumih'c  Electrique  for  Eeb.,  1880,  whicli  is  the  source  trom  which 
the  writer  derived  his  knowledge  of  the  action  of  ttie  Englisli  society) 
correspond  in  some  regards  to  the  argument  of  the  paper  relating  to  ai 
decimal  gauge  wliicli  appeared  in  the  Jourxai>  (jf  the. Franklin  In- 
stitute for  December,  1877.  Thus  it  is  recognized  at  once  that  there- 
exists  a  real  necessity  for  a  gauge  for  thickness  of  metal  winch  sliall 
not  follow  an  arithmetical  progression,  but  which  shiiJl  give  a  constant 
proportionate  ratio  of  decrement  or  increment,  or,  in  other  words,  fol- 
low a  geometric  progression.    - 

The  ratios  of  progression  pro[)osed  in  the  Journal,  in  1877  a.s 
expressed  as  relating  to  fhe  thiekness  of  the  .several  numbers  of  tlie 
gauge  were 

For  decrement  a  0'9^  or  =  ^^  successive  reductions. 
For  increment  a  1*11111  ^  or  =  ^  successive  increases.* 

*  It  will  be  noted  that  tlie  inci'eases  of  thickness  for  each  number  of  the  scale  of  }j  are 
made  by  dividing  the  value  below  by  9,  extending  the  division  one  decimal  point 
in  each  instance,  and  tliat  increases  of  weiglit  foi-  each  number  of  the  scale  are  made 
liv  two  simihir  divisions. 
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These  ratios  gave,  for  the  sections  of"  squares  or  ot"  rouii  Is.  or  for 
the  ratios  of  weiglits  of  equal  lengths, 
o  (0*9)-^'  i=(0-81)^  =  the  second  reduction  of  ^^  successivelv, 

«.(Mllllf^^==(l-23456790)  ^=the  second  reduction  of  ^  su < -cess ively,* 
or  the  values  of  successive  numbers  of  the  uauo-e. 

The  ratios  of  progression  ])ropo^ed  Ijy  Mr.  Clark,  and  which  seeiu- 
to  have  met  the  approval  of  the  Committee  of  the  Soci<'t\'  of  Tele- 
graphic Engineers  are  made  to  relate  primarily  to  the  sections  or 
weights,  and  secondarily  to  the  thicknesses  or  diameters.  Mr.  Clark 
proposes  that  the  relations  to  the  sections  or  weights  of  equal  lenoths- 
of  the  several  numbers  of  the  gauge  shall  be  expressed 

For  decrement  a  0*S^'  oi- =  i  successive  reduction. 

For  increment  a  1*25^  or  =  \  successive  increase. 
These  ratios  give,  for  the  thicknesses  or  diameters, 

For  decrement  (i  0"89443^'  or  =  1777-^^4  successive  reduction.. 
For  increment  a  1T1801  ^'  or  =  ^-747 31^  successive  increase. 

If  a  metal  gauge  were  adaptal)le  solely  to  the  uses  of  telegraphic 
engineers,  the  (piestion  of  desirability  for  <leHnitc  and  aiicpiot  i-elations 
of  consecutive  values  might  be  referred  to  the  derived  sections  or 
weights.  JJut  the  necessities  <»f  commercial  mechanisms  appiv  t>ene- 
rally  to  sheets  as  well  as  to  wires,  to  diameters  of  wires  as  well  as  to 
their  resulting  weights,  and  it  would  seem  that  the  consideration  of  the 
subject  by  any  and  each  of  fhe  ])arties  interested  in  the  result  should. 
t!Xtend  to  the  general  utility.  The  writer  also  thinks  that  examina- 
tion by  telegraphic  engineers  will  develop  the  fact  that  computition  of 
weights  and  conductivities  can  l)e  quite  as  readily  effected  bv  the  two 
successive  steps  of  decimal  notation  as  by  the  single  one  which  involves 
two  processes  in  one  case — a  division  and  subtraction  (or  a  multiplica- 
tion by  two  figures)  for  decrement;  or  by  multiplication  bv  eight  and 
movement  of  decimal  point  in  the  other,  for  increment.  While  it 
must  be  asserted  that  there  are  times  when  the  ratios  of  diameters  of 
Avires  is  desiralde  knowledge  to  the  tclegraj)liic  engineer,  such  ratios 
being  entirely  unattainable  by  Mr.  Clark's  system,  except  l)v  compari- 
sons of  values  of  odd  or  even  numbers  of  the  gauge,  which  latter  of 
course  follow  the  ratios  of  weight  or  section,  0-8  or  1-25  reciprocallv. 

Whatever  may  be  the  scale  of  gauge  ad(jpted,  the  values  as  comj)ared 


with  liiR'Mi',  siipcrliciMi  or  solid  iiiiils  iim^t  l)c  tiilmlar.  .Vltliougli,  l)y 
llir  |>r(>|>osL'(l  st'ivlc  ot"  (Icciiiiiil  (liiiiiiiiition.s,  e:i(;li  iminlxu'  referred  to  its 
Jbll()\vini>'  or  precediiii;'  one  luis  a  coin  pa  rati  vely  simple  ratio,  yet  when 
two  remote  number.s  (some  three  or  more  o-radcs  apart)  arc  to  be  (!om- 
pareil  in  anv  relation  of  thickness,  section  or  weight,  simplieity  of  |)rt)- 
])i)i'tioii  will  have  l)ei!n  lost  ;  and  faeility  ioi-  nse  demands  tables  for 
reference.  Snch  table-*  for  many  i-e([nirements,  and  Ibr  telegraphic; 
engineers  in  jtartienlar,  must  be  largely  of  reL'i|)roeal  values.  It  is  for 
reciprocal  \alues  that  a  system  of  progressive  differences  I )e(;omes  supe- 
rior to  one  of  arithmetical  differences.  In  the  former  system  the  ratios 
of  reeipr<K'al  values  are  themselves  reciprocal,  while  in  the  latter  sys- 
tem the  awkward  iigures  wdiich  proceed  from  the  attempt  to  express 
in  decimal  fractions  the  reciprooals  of  natural  numbsrs,  so  generally 
prime  to  the  decimal  notation,  bear  so  complicated  a  relation  to  each 
otiicr  that  the  relationshij)  is  unavailable  in  practice. 

Thus,  bv  the  proposed  system  of  the  writer,  the  weights  of  equal 
lengths  of  squares  or  of  rounds,  for  consecutive  numbers  of  the  gauge, 
are.  as  before  ([noted, 

aXO'9-^  for  decrement  of  diameter  or  side  of  square, 

and  are:  (?Xl*lll  "^  for  increment.  "  "  " 

And   the  reciprocals  of  these  weights,  or  the  lengths  (^orre3})onding  to 

anv  given  weight,  are  expressed  by 

_  Xl'lll  "^  for  decrement  of  diameter  or  side  of  square. 


XO'9-^  for  increment 


In  aj)i)lying  the  system  to  electrical  measurements,  the  values  for 
contlueti\-ity  and  for  resistance  will  be  computed,  the  one  after  the 
first  pair  and  the  other  after  the  second  pair  of  these  formulas. 

To  complete  the  applications  of  the  proposed  decimal  gauge  the 
writer  has  ])repared  the  following  tables,  which  would  replace  others 
or  supply  a  deficiency  of  similar  tables  in  the  hand-books  of  the  tele- 
grapliic  engineers. 
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Table  for    Calculufiiu/  Resistance  or   Coiidacticiti/  of  Pare   Metal  as 
affected  by  Differences  of  Temperature. 

Data  from  Lecture  of  Fleeining  Jenkiii,  Estj.,  Reports  of  British  Association  tor  tlie 
Advancement  of  Science. 

''B  =  r  (1  -+-t»-003824  /■  —  0-0f)00012(i  /•'-')"  "  approximate  or  mean  formula." 
[Temi)eratures  in  degrees  Centigrade.] 

Tern]).  C      Resistance.         Condui'tivity.      Temp.  C       Resistance.  Conductivity. 


l-OOOOO 


1  •00000 


100^ 


i-a95 


0-71685 


1 

1 -0038:3 

0-99619 

21 

1-08086 

0-92519 

;2 

1-00765 

0-99240 

22 

1-08474 

0-92188 

:3 

1-01148 

0-98865 

23 

1-08861 

0-91860 

4 

1-01532 

0-98492 

24 

1-09250 

0-91533 

-5 

1-01915 

0-98121 

25 

1-09639 

0-91208 

6 

1-02299 

0-97751 

26 

1-10028 

0-90885 

7 

1-02683 

0-97386 

27 

1-10417 

0-90565 

8 

1-03067 

0-97023 

28 

1-10806 

0-90248 

9 

1-03452 

0-96663 

29 

1-11196 

0-89932 

10 

1-03837 

0-96305 

30 

1-11585 

0-89618 

11 

1-04222 

0-95949 

31 

1-11976 

0-89305 

12 

1-04607 

0-95596 

32 

1-12366 

0-88995 

13 

1-04993 

0-95245 

33 

1-12756 

0-88686 

14 

1-05379 

0-94896 

34 

1-13147 

0-88380 

15 

1-05765 

0-94550 

35 

1-13539 

0-88075 

16 

1-06151 

0-94206 

36 

1-13930 

0-87773 

17 

1-06537 

0-93864 

37 

1-14321 

0-87473 

18 

1-06924 

0-93524 

38 

1-14713 

0-87174 

19 

1-07311 

0-93187 

39 

1-15105 

0-86877 

20 

1-07698 

0-92852 

40 

1-15498 

,  0-86580 

Chlorhydrate  of  Phosphuretted  Hydrogen. — Tlie  analogies 
between  phosphuretted  liydrogen  and  ammonia,  which  are  indicated 
by  the  formation  of  compounds  with  bromhydric  and  iodhydric  acid, 
iire  well  known.  Ogier  has  also  obtained  a  chlorhydrate  of  phosphu- 
retted hydrogen  by  chilling  or  compressing  a  mixture  of  tlie  two  gases 
PH3^HC1  in  equal  volumes.  The  experiment  may  be  easily  per- 
formed in  the  Cailletet  apparatus;  under  a  pressure  of  about  twenty 
atmospheres  and  a  temperature  of  14°  (57-2°F.)  tlie  upper  part  of  the 
tu])e  is  covered  with  small  brilliant  crvstals. — Bull.  Soc.  Chim.     C 
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im:\'ik\\'  oFTiiK  ijKPoirr  ON  I'liK  ii:\\  IN  i.x.iix'roii 


l)y  \\'ii,i'i!Ei)  Lkvvis,  M.E. 


'J'lic  report  of  tlic  ( 'oiiimittcc  on  ScieiU'c  and  tlic  Art.s,  |>ul>li.-.hc(l  iu' 
the  February  iiiiiMber  of  the  JorRXAi.,  and  containing  u  r^erics  of" 
»'\|H!rinient8  upon  the  injector  and  ejeetor  of  .).  H.  Irwin  is  vaUiable- 
ratlier  for  tlie  experinient.s  themselves  than  for  the  deductions  and 
views  gatliered  from  them.  The  generalization  of  observed  facts,  and. 
their  subjection  to  known  laws  and  principles,  is,  however,  the  most 
important  part  of  cxiH-rimental  research.  It  is  by  this  means  that 
new  relations  are  discovered,  and  l)etter  knowledge  is  gained,  without 
which  impr(»veinent  must  be  more  or  less  accidental  and  uncertain. 

A  crude  general  theory  for  the  a<"tion  of  injectors  is  well  known  to- 
all  who  are  familiar  with  the  instrument;  but  something  more  detinite 
is  needed  before  it  is  possii>le  to  determine  theoretically  the  perform- 
ance of  an  injector  under  various  C(»n(litions  from  the  dimensions  of  its 
parts,  or  M'hat  is  perhaps  of  greater  importance,  to  determine  the  ])roper 
proportions  for  certain  desired  results. 

The  present  subject  is  surrounded  Iiy  so  many  difficulties  and  appa- 
rent contradictions  that  any  attempt  to  develop  a  satisfactory  theor}^ 
up(m  fundamental  j)rinciples  can  hardly  be  expected  to  be  at  once  suc- 
cessful. It  is  therefore  only  in  the  lio})e  that  a  better  understanding- 
may  ultimately  be  reached  that  the  foll(»wing  theories  and  criticisms 
are  offered  : 

In  the  first  place,  it  has  been  claimed  for  the  Irwin  Injector  that  it 
is  constructed  on  a  certain  fixed  rule  of  proportion  of  jnirts,  the  dis- 
covery of  which  proportion  is  the  important  feature  of  the  invention^ 
The  value  of  the  discovery  is  further  claimed  to  be  demonstrated  b}^ 
experiments  showing  that  an  injector  constructed  on  this  new  fornuda' 
has  a  wonderful  power  of  augmentation. 

The  determination  of  this  property  of  the  injector  seems  t<'  have- 
been  the  })riniary  object  of  the  experiments,  Avhile  another  more 
important  one,  namely,  that  of  "  range,"  lias  been  left  in  the  back- 
ground. 

W^ith  this  supposed  object  in  view  the  residts  are  perhaps  as  good  as 
occasion  may  ever  require,  but,  wilh  few  exceptions,  the  demand  upons 
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Mil  injector  is  not  to  overcome  pressures  greatly  in  excess  of  the  steanu 
pressure,  but  to  be  able  to  supjily  water  to  a  boiler  at  the  rate  of  evap- 
oiation,  whether  this  be  slow  or  rapid,  and  this  ability  to  vary  the' 
(piantity  of  delivered  Mater  is  what  is  understood  by  the  term 
"  range." 

It  is  well  known  among  manufacturers  of  these  instrrnnents  that  one 
desideratum  can  only  be  perfected  at  the  sacrifice  of  otliers,  and  that 
injectors  which  give  good  results  for  range  have  less  |)ower  of  tuignien- 
tation,  and  vice  versa. 

Jt  is  therefore  difficult  to  understand  how  any  rules  for  the  propor- 
tions of  parts  can  be  made  general ;  and  how  an  injector,  a\  liich  gives 
sucli  good  results  for  augmentation  as  that  of  Mr,  Irwin,  could  have 
been  made,  as  we  are  led  to  suppose,  according  to  a  hiM-  governing  its. 
economic  action. 

The  power  oi'  augmentation  depends  u[)on  the  velocity  and  den>ity 
of  the  fluid  jet  in  its  pa.ssage  from  the  combining  to  the  delivery  tube,, 
the  velocity,  in  turn,  depends  upon  the  proportion  of  water  to  steam, 
and  the  density,  to  some  extent,  upon  the  duration  of  their  contact 
before  leaving  the  combining  tube. 

The  less  tlie  projiortion  of  water  thrown,  the  higher  tiie  velocity  and 
temperature  of  the  mixed  water  and  steam,  the  slower  the  rate  of  con- 
densation and  the  shorter  the  time  of  contact,  from  which  it  can  be 
inferred  that  the  {)roj)ortions  favorable  to  augmentation  would  be  a 
larger  steam  nozzle  witii  a  longer  combining  tube  than  could  reason- 
ably be  used  on  an  injector  designed  for  economic  action.  When  the 
injector  is  used  as  a  boiler  feeder  its  action  is  economic  under  all  cir- 
cumstances, and  its  duty,  as  stated  in  the  report,  is  comjxiratively 
unimportant,  but  when  used  as  an  ordinary  pump  the  increased  tem- 
])erature  of"  the  feed  water  may  no  longer  be  regarded  as  a  useful  form 
of  enerffv,  and  the  economv  must  be  measured  bv  the  mechanical  ettect 
produced. 

For  such  a  j)urpose,  then,  the  greater  the  amount  of  water  thrown^ 
and  consequently  the  slower  the  velocity  of  the  fluid  jet  within  the 
working  limit,  the  greater  the  economy  as  far  as  mechanical  elfect  and 
the  slight  losses  by  radiation  are  concerned.  The  water  jn-essure  is  in 
most  cases  ecpial  to  that  of  the  steam  producing  the  jet,  and  the  prob- 
lem long  sought  has  been  to  increase  the  range,  that  is,  to  vaiy  as 
much  as  possible  the  quantity  of  water  thrown,  in  order  that  a  I)oiler 
mav  alwavs  be  suplied  at  the  rate  of  evaporation. 
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Tlic  ^■^(■:l(('st  i-aii^i.  rww  \)v  olttaiiicd  wlicii  tln'  j^rcatf'sl  piK^ihli- 
aiiKiiiuf  (if  \\al<'r  is  thrown  willi  tlic  steam  jot  lull  (i|)en.  As  tlie  st(.'am 
and  water  are  sliiit  off",  the  velocity  of"  the  mixture  must  increase,  wliile 
its  density  must  necessarily  deerease,  from  the  fiiet  that  a  smaller  (|uan- 
tity  oC  fluid  has  to  pass  throui^h  tlie  same  si/ed  (i|)enin^s.  in  order 
!that  the  fluid  of  litrjiter  density  may  overcome  a  constant  resistance,  it 
iis  evident  that  its  velfxnty  must  be  increased,  antl  this  can  onl\-  he 
•done  by  the  reduction  of  the  ratio  of  water  to  steam. 

To  determine  theoretically  the  ]M)ssil)le  range  for  an  injector,  it  i-- 
necessary  to  know  the  velocity  of  etHux  of  steam  and  the  pi-ccis(.  natun- 
■of  the  causes  which  o])erate  to  break  the  jet. 

Tlie  most  obvious  of  these  causes  are  want  of  velocity  and  density, 
|vrcssui-e  at  the  overfiow  and  friction.  When  the  (effects  of  friction  and 
pressure  at  the  overflow  can  be  accurately  determined,  the  injector 
Jtself  should  furnish  the  best  data  for  computing  the  velocity  of  steam, 
upon  which  authorities  so  widely  differ.  The  effects  of  friction  become 
iipl)arent  in  the  augmentation  and  range  of  similar  injectors  wliich 
<Hffer  prinoi})ally  in  size,  and  might  be  determined  from  a  comparison 
■of  the  results. 

The  (juantity  of  water  delivered  depends  more  upon  the  conditions 
at  the  overflow  than  upon  tlie  ])ressure  overcome,  and  experiments 
have  shown  that  there  is  often  no  difference  between  the  (|uantity 
<lelivered  into  the  atmos})here  and  that  delivered  into  the  boiler.  TIk- 
j'cason  is  cleai'ly  becanse  it  is  not  possible  to  transmit  pressure  through 
'AW  open  jet  except  i;y  the  pressure  snrrounding  it,  and  so  long  as  the 
<'onditions  at  the  overflow  remahi  constant,  the  velocity  and  density  of 
the  jet  on  leaving  the  combining  tube  are  independent  of  the  pressure 
jifterwards  overcome  by  it.  ^Yhen  there  is  pressure  at  the  overflow 
the  force  of  the  jet  will  be  affected  by  the  density  of  the  fluid  producing 
tliat  pressure  as  well  as  by  the  pressure  itself,  and  when  water  accumu- 
lates, the  power  expended  in  its  agitation  must  be  sufficient  to  explain 
in  part  the  higher  degrees  of  augmentation  which  can  be  obtained  with 
waste  at  the  overflow.  In  the  absence  of  more  accurate  knowledge, 
iipproximate  data  for  computing  the  velocity  of  steam  might  be  obtained 
from  an  experiment  of  the  following  kind  : 

Let  the  injector  be  in  full  operation,  M'ith  overflow  open,  and  let  the 
resistances  to  the  delivered  Avater  be  increased  until  waste  commences, 
then  the  pressure  equivalent  to  the  combined  effects  of  pressure  and 
friction    has   become   equal    to  that   due  to  the   average  velocity  and 
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density  of  the  jet.  The  quantity  oi'  water  delivered  and  the  total  pres- 
sure overcome  are  sufficient  data  for  determining  the  velocity  and 
density  of  the  jet.  The  velocity  of  the  jet  multiplied  by  the  ratio,  plu:^ 
one  of  water  to  steam,  will  give  the  velocity  of  steam.  In  this  experi- 
ment, the  larger  the  injector  the  smaller  the  effect  of  friction,  and  the 
more  reliable  Avill  be  the  result. 

It  is  claimed  in  the  report  tint  the  free  entrance  of  atmos[)heric  air 
at  and  through  the  overflow  gives  a  clear  gain  to  the  extent  of  one 
atmosphere  in  the  same  direction. 

In  this  case  the  injector  was  running  without  waste  at  the  overHow 
and  no  water  pressure  could  accumulate  by  its  stoppage;  consequentlv 
there  appears  to   be   no   reason  why  the   phenomenon  could  not  have 
been  attriljiited  to  the  suction  of  air  by  the  jet  into  the  deliverv  tube 
nor  why  an   increase  of  pressure  might   not  have  been  effected  in  the 
same  way  by  increasing  the  water  supply. 

The  injector  evidently  hatl  not  enough  water  for  the  steam  used, 
and  it  took  in  air  whenever  the  opportunity  offered. 

The  fact,  as  reported,  that  the  temperature  of  the  ilelivcred  water 
fell  from  136°  with  overflow  closed  to  127°  with  it  o[)en,  some  steam 
being  shut  off' to  keep  the  water  pressure  constant,  is  not  conclusive 
proof  that  "  the  steam  so  shut  off  was  undoubtedlv  saved,"  as  we  are' 
led  to  infer  l)y  the  presence  of  the  atmospheric  air. 

It  is  highly  probaljle  that  the  temperature  of  the  delivered  water 
coidd  have  been  reduced  in  the  same  way  with  the  overflow  closed, 
and  it  is  to  be  regretted  that  aftei-  the  instrument  had  been  adjusted  to 
the  water  pressure  of  80  j)oun(ls,  with  overflow  open,  that  the  tempera- 
ture and  pressure  of  the  delivered  water  wiis  not  again  taken  with  the 
overflow  closed.  In  fact,  the  fallacy  of  the  above  assertion  can  be 
shown  by  Experiment  A  itself;  for,  tis  we  see,  the  temperature 
of  the  delivered  water  was  l.'>8°  with  overflow  open  and  oidy  1:JG°' 
with  overflow  closed ;  hence,  more  water  must  have  been  passings 
through  the  injector  when  the  overflow  was  closed  than  when  it  was 
open ;  and  yet,  as  we  see  further,  10  pounds  more  resistiince  was 
offered  by  the  globe  valve  in  the  delivery  pipe  to  the  passage  of  the 
smaller  quantity  of  water.  The  conculsion  is  inevitable  that  some- 
thing besides  water  was  taken  in  by  the  jet,  and  this  must  have  been 
the  air  admitted  through  the  overflow. 

With  regard  to  the  experiments  themselves,  and  the  cakndated  col- 
unnis  in   the   tables,  but  one  objection,  of  minor  importance,  can  be 
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iiuitlc.  wliilc  tii't'iit  |»i';iisc   should  l)t.'  ;icc(jixlo!(l  fni-  tlic  inam'fet  euro  and 
!lal)()r  on  tlic  |)art  of  tlie  couiinittee  iia  their  preparation. 

'i^M-  ohjectioii  ma(l(!  is  to  the  method  of*  eoiuputiiig'  the  |>erc'entage 
■of  error  y;iv('ii  in  coliiinii  20.  By  reference  to  the  iej)ort  the  foUovv- 
.iiiii"  e.\'prrs<inii  will  l>c  found 

( 1     -  X)  JJ  —  X  F  =  II  +  E,  in  wliieli 

/,'  =  the  total  heat  of  1  pound  of  steam  for  the  oljserved  pressure 
taken  from  IJegnault's  tables, 

/;  =  the  s])eeiti('  heat  of  the  delivered  water  tor  the  observed  tem- 
'perature. 

X=  the  weight  of  feed-water  delivered  ))er  jiound  of  steam. 

F  =  the  specific  heat  of  the  feed-water  for  its  observed  temperature. 

E  =  error  of  the  experiment. 

The  objection  is  made  on  the  ground  that  the  total  heat  of  steam  as 
oiven  in  Regnault's  tables  is  measured  from  an  arbitrary  zero,  32°F., 
which,  while  it  does  not  aifect  the  value  of  F,  has,  nevertheles.s,  con- 
-siderable  influence  upon  the  value  of  the  expression  (1  -^  X)  D, 
which  forms  the  denominator  of  the  fraction  in  computing  the  per- 
centage. 

It  would  seem  logically  more  correct  to  determine  the  ])ercentage  of 
•error  from  a  comparLson  of  the  calculated  and  actual  quantities  of 
riiteam  used,  and  this  would  then  give  a  definite  amount  independent  of 
.auv  assumed  zero  of  temperature.  For  instance,  in  the  first  experi- 
ment 7  per  cent.  is.  given  as  the  percentage  of  error,  and  we  also  have 
from  the  table:: 

Weight  of  feed-water  lifted.,         .  .  =        471-5  lbs. 

Temperature  of  feed-water,  .  .  =  62'5° 

"  "  delivered  water,  .  =       104*° 

Increased  temperature  of  feed- water,    ,  .  =  41 '5° 

Thermal  units  abstracted  from  steam,  41'5  x  471"5,    =   19567* 
Thermal  units  in   1    pound   of  steam  above  104°  from 

Regnault,  .  .  .  =     1086- 

The  theoretical  weight  of  steam  condensed  would  therefore  be  -WsV" 
■or  about  18  pounds. 

The  observed  weight  of  couden-sed  steam  was  20' 5  pounds,  a  diif'er- 
ence  of  2*5  pounds. 

This  difference  may  be  due  to  priming,  radiation,  or  to  errors  in 
observation,  but  the  error  of  the  experiment  as  deduced  from  it  will  be 
^gl^,  or  about  12  per  cent. 
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It  is  hoped,  in  closing-  this  review,  that  the  suggestions  und  theories 
advanced  may  lead  to  a  more  thorough  and  scientific  study  of  the  sul)- 
ject  than  can  be  derived  from  experiments  designed  to  show  the  per- 
formance rather  than  to  determine  precisely  the  causes  which  limit 
iind  control  the  action  of  injectors. 


EYE-MEMORY 


A  Lecture  delivered  before  tlie  Franklin  Institnte  March  29th,  ISsO, 

Bv  Charles  G.  Leland. 


I  Gmtinued  from  page  336. ' 

The  writers  on  the  Jvindergarten,  and  on  object-teaching  in  connection 
•with  elementary  drawing,  have  hit  on  a  great  truth  in  their  endeavor 
to  teach  cliildren  to  form  defi)iifc  im])ressions.  But  I  doubt  if  any  of 
them,  or  any  one  living,  knows  how  indefinite  all  our  memories  of 
objects  are,  compared  to  what  they  might  be.  Object-teaching  causes 
<'liildren  to  learn  the  api>earance,  names  and  qualities  of  things.  "And 
many  persons,"  says  Mrs.  Horace  Mann,  ''object  to  it  because  it  is 
playing  with  things,  and  the  opposite  of  study."  The  cultivation  of 
eye-memory  must,  however,  be  admitted  by  the  greatest  enemy  to  all 
new  ideas  in  education,  to  combine  all  the  discipline  of  intense  study 
with  all  that  is  useful  in  object-teaching.  It  is  the  very  opposite  to 
anything  like  loose  thinking  or  vagueness.  It  calls  for  the  closest 
observation  and  the  greatest  exercise  of  the  memory  conceivable. 
Therefore  it  is  good  discipline  for  the  mind,  therefore  it  should  be  a 
legitimate  branch  of  education.  But  be  it  observed  that  this  practice 
of  the  visual  memory,  while  recpiiring  intense  application  and  much 
practice,  is  not  disagreeable  in  the  sense  in  which  much  study  is  dis- 
agreeable. In  fact  it  cannot  be  pursued  with  profit  an  instant  after  it 
becomes  wearying.  As  soon  as  you  tire  of  it,  then,  in  the  words  of 
Westwood,  "the  visions  flee  and  the  dreams  depart."  The  memory 
will  only  work  of  her  own  accord  at  this;  she  will  only  remain  as  a 
willing  guest.     Force  her,  and  she  flies. 

On  the  other  hand,  suceess  iu  the  practice  of  visual  memory  is  so 
encoiu'aging  that  after  we  once  realize  our  progress  the  most  strenuous 
eifort  becomes  in  fact  a  voluntary  pleasure.  I  conceive  that  for  its 
cultivation   classes  should  be  formed,  at  which    maps,  pictures  or  any 
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olljects  beinii'  shown  lui-  a  ininutc,  or  tor  H'vcral  iiiinuto,  llicsc  assem- 
bled sliall  ciuleavor  to  impress  wliat  is  set  tbrtli  on  the  iiienioiy.  Now 
the  (liHic'ultv  at  the  very  outset  will  he  that  many  of  tliose  present^ 
instead  ot"  literally  uettiiii;  the  ohjcci  />!/  ej/c,  and  making  the  exertion 
neeessary  in  the  iMiginuino-  will — j)erha|)S  nneonsciionsly — make  up  their 
minds  at  a  glance  as  to  what  the  object  is,  and  then  in  their  description 
<tr  depicting-  make  a  clever  enough  superficial  account.  These  are  the 
ones  who,  in  drawing  from  a  model,  look  at  it  a  thousand  times,  care- 
lessly, and  yet  lose  half  of  what  they  had  gathered  in  every  glance, 
and  make  it  up  by  drawing  as  they  think  it  ought  to  be — not  as  they 
have  actually  .s-tr;;  it.  Strictly  honest  work,  and  a  desire  to  improve- 
keenness  of  observation  and  accuracy  of  memory,  will  soon  remedy 
this  defect. 

1  attach  great  value  to  bold  outline  drawings,  such  as  are  used  in. 
{)rimary  classes,  as  introductory  subjects  for  such  study.  These,  br 
their  simplicity  and  the  striking  contrast  between  white  and  black 
which  they  present,  make  an  impression  which  is  easily  retained  by  an 
eifort  of  the  will.  If  this  impression  be  recalled  frequently  during  a 
week,  and  occasionally  revived  by  study  of  the  original,  it  will  become 
})erinanent.  Two  things  are  to  be  observed  in  connection  with  this 
first  study.  Firstly,  it  is  of  the  greatest  importance  that  it  be  accu- 
rately and  correctly  conceived,  since  every  error  of  method  which  you 
introduce  into  it  will  probably  be  repeated  in  the  second  trial  and 
grow  in  strength  with  every  successive  effort.  It  is  the  first  notes  ol" 
the  birdling  which  are  almost  unchangeable.  Secondly,  that  the  more 
thoroughly  it  is  effected  the  easier  will  the  next  experiment  be.  It  is 
not  advisable  that  there  should  be  any  straining  to  learn  the  object  in 
a  hurry.  Your  mind  may  possibly  be  involuntarily  distracted  by 
s<»me  other  cause.  Your  physique  may  be  slightly  disorganized.  You 
may  be  constitutionally  of  the  disposition  which  requires  many  gentle 
and  gradual  repetitions  to  imj)ress  anything  on  your  memory.  Hasten 
slowly. 

J^ractice  in  anything  jnakes  perfect.  From  outline  drawings  you 
may  proceed  to  objects,  from  simple  objects  to  statues  and  the  human 
figure.  I  have  spoken  of  people  who  can  recall  a  piece  of  music,  who 
can  literally  see  in  the  mind's  eve  every  note,  and  play  from  it.  I 
Jiave  also  mentioned  the  clergyman  who  learned  his  sermons  by  eye. 
I  think  that  this  might  i)e  effected  by  beginning  with  a  single  line„ 
let  us  say  a  text  or  a  proverb,  very  legibly  written  in  bold,  thick  let- 
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ters,  at  least  an  inch  in  length,  and,  in  learning  them  perfectly  by 
eye,  care  being  taken  that  the  imagination  shall  have  no  part  ini 
re- writing  them  on  the  memory.  The  nnmber  of  lines  may  be 
increased  and  their  size  diminished  as  the  power  of  acquisition  is 
dev^eloped. 

We  all  know  that,  in  some  way,  this  power  of  recalling  objects 
vividly  is  latent  in  us.  We  read  familiar  books  in  our  dreams,  we  see- 
the departed,  we  recall  past  scenes  in  reveries,  we  sometimes  imagine 
faces  and  remember  them  after  waking.  In  fevers  and  in  similar 
states  of  nervous  excitement  we  think  that  we  see  phantoms  mingling 
with  real  objects.  What  we  thus  create  involuntarily,  in  an  unhealthy 
condition,  we  can  also  })roduce  healthjly,  and  subject  to  the  laws  of 
reason,  by  voluntary  action.  In  these  dreams,  scenes  are  recalled  by 
association.  I  have  already  said  that  the  awaking  in  our  memory  of 
every  detail  of  a  scene  connected  with  some  startling  incident  is  a  fer- 
tile theme  with  novelists.  I  shall  never  forget  the  wonderful,  the 
magnificent  sunset  which  followed  the  burial  of  Washington  Irving. 
The  western  sky,  like  a  vast  sea  of  golden  fire,  in  which  were  islands 
of  a  deeper  crimson  glow,  as  though  Heaven  had  tlirown  its  glorious 
gates  ajar  to  welcome  the  ascending  soul,  will  always  be  impressed  on 
my  memory.  I  have  doubtless  in  my  time  seen  sunsets  as  beautiful  in 
the  Far  West  on  the  prairies  ;  on  the  })lains  of  Russia,  or  in  Egypt ; 
but  I  cannot  remember  any  of  them  as  I  do  that  one  on  the  Hudson. 

It  may,  perhaps,  be  thought  that  as  all  of  this  is  so  generally  tiie 
result  of  involuntary  action ,  there  is  no  coiniectiou  to  be  established 
between  it  and  the  will.  Tiiose  who  would  understand  this  problem, 
so  far  as  it  has  in  all  probability  l)een  solved,  may  read  what  Carpenter 
has  said  in  his  Mental  Phi/sio!o(/i/  of  primarily  and  secondarily  auto- 
matic motion.  What  I  assert  is  that  the  will  can  stimulate  invohin- 
tary  or  automatic  motion.  Did  it  never  happen  to  you  that  you  cannot 
recall  a  certain  tune  until  you  by  an  exertion  remembered  the  place 
where  you  heard  it,  or  the  person  who  played  it?  Sometimes,  in  order 
to  remember  a  certain  remark,  you  must  first  recall  the  time  of  year 
when  you  heard  it,  then  the  city  in  which  you  were,  then  the  house  in 
which  you  dined,  and  finally  the  person  who  was  seated  by  you  wha 
made  the  remark.  All  of  these  preliminary  steps  are  recalled  by 
deliberate,  voluntary  action.  It  is  not  necessary  to  enter  into  a  meta- 
phvsical  analysis  of  theories  of  free  will  and  causation.  Yon  will 
})rob!ibly  admit  that  we  can  revive,  in  a  more  or  less  jierfect  form, 
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wlieii  we  choose,  that  \vhi(;h  we   remeinber,  and   that  the  vivichics.-;  (if 
thowe  memories  can  be  increased  by  practice. 

The  practice  of  eye-memory  stores  the  mind  with  beautiful  images, 
and  increases  our  artistic  sense.  It  may  developed  so  as  to  place  at 
our  disposal  galleries  of  pictures  and  statues,  scenes  in  the  opera,  land- 
scaj»es  or  picturesque  bits,  the  forms  and  faces  of  friends,  or,  in  fact, 
whatever  we  have  seen.  It  may  be  denied  by  many  that  such  a  power 
•exists  in  us  to  such  a  degree,  but  I  venture  to  assert  that,  among  all 
\who  are  [>resent,  there  is  probably  not  one  who  has  done  his  best  to 
develop  it.  For  there  is  no  mental  faculty,  involving  so  much  which 
is  useful  or  curious,  which  has  received  so  little  attention. 

I  will  now  enter  upon  an  abstruse  and  yet  very  practical  phase  of 
«ye-meraory,  which  is  also  closely  analyzed  by  Carpenter  and  Clarke. 
R.ol)ert  Houdin,  in  his  Autobiography,  carefully  explains  that  whilst 
jjerforming  his  Second  Sight  lie  always  practiced  a  double-consciousness. 
That  is  to  say,  while  performing  his  trick,  he,  at  the  same  time,  kept 
in  mind  the  objects  which  he  had  memorized.  In  fact,  he  lays  much 
greater  stress  upon  this  double,  or  simultaneous,  action  of  the  mind, 
ihan  upon  the  extraordinary  feat  of  getting  thousands  of  objects  by 
heart.  Every  juggler  will  understand  this.  Every  juggler  knows 
what  "working"  means.  It  means,  while  substituting  an  object,  or 
effecting  ''  hanky-panky  "  by  manipulation  (which  requires  the  shrewd- 
est mental  action),  to  divert  the  attention  of  the  audience  at  the  same 
.time  in  another  direction.  Should  he  even  tell  you  that  at  exactly 
snine  o'chx'k  he  would  pick  up  a  rabbit,  with  his  right  hand,  from 
behind  a  screen,  and  put  it  into  a  hat  before  the  audience  you  would 
not  see  him  do  it.  Because  at  that  very  instant  he  would  raise  his  left 
hand  and  snap  his  fingers  in  the  air,  or  point  to  something.  If  there 
were  a  thousand  persons  present,  every  eye  would  be  caught  and  drawn 
:  away  by  the  left  hand,  and  during  that  instant  the  rabbit  would  be 
.  taken  out  and  put  in  the  hat  and  nobody  present  would  see  it.  To  do 
this,  the  juggler  must  exert  a  double  action  of  the  mind.  The  sim- 
plest form  of  this  is  seen  in  the  child's  trick  of  rubbing  one  hand  up 
and  down  on  the  chest,  while  you  pat  your  head  with  the  other. 
.Robert  Houdin  illustrates  this  by  telling  us  that  while  obliged  to 
study  law  in  his  youth,  he,  while  reading,  used  to  keep  tossing  four 
balls  in  the  air. 

Now,  there  is  certainly  the  same  double  action  of  the  mind  wJiile 
(drawing.     It  requires  thought  to  observe  the  model,  or  to  form  the 
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ideal  in  the  mind,  and  it  also  requires  thought  to  perform  the  action 
of  drawing.  You  cannot  get  over  this  by  saying  that  the  drawing 
becomes  merely  mechanical.  While  I  have  been  Avriting  tliis  lecture 
I  have  thought  of  the  formation  of  every  letter  while  I  wrote.  There 
are  people  who  are  said  to  write  mechanically,  but  I  cannot.  Should 
I  do  so  mv  writing  would  be  illegible,  even  to  myself.  You  would 
say,  perhaps,  that  to  do  two  things  at  once  must  detract  something 
from  both.  I  find,  invariably,  that  the  more  I  think  about  something 
else,  the  more  carefully  I  write.  Ladies  say  that  they  can  sew  best 
while  talking.  I  have  heard  of  an  actress  who  was  never  so  thrilling 
in  her  tones,  never  so  heartrending,  a.s  while  embracing  her  rival ;  she 
was  at  tiie  same  time  pinching  her.  This  was  also  a  double  action  of 
mind.  There  used  to  be  something  of  the  same  kind  when  I  was  at 
college,  among  the  young  gentlemen  who  read  novels  in  chapel  durinsj; 
sermon-time.  Yet,  on  reflection,  I  doubt  if  in  this  instance  the  men- 
tal action  was  exactly  balanced. 

I  have  met  in  my  life  with  two  instances  of  sculptors,  both  French- 
men, who  required  but  a  single  glance  at  any  man  to  be  able  to  model 
a  perfect  likeness  of  him.  One  of  these  artists,  M.  Garbielli, 
once  took  an  admirable  and  very  expressive  portrait  of  James 
Gordon  Bennett,  whom  he  liad  seen  only  once,  jis  the  orio-inal 
went  by  rapidly  in  a  carriage.  A  very  curious  instance  of  the 
length  of  time  during  which  a  picture  may  remain  accurately 
impressed  on  the  memory,  is  sliown  in  a  feat  performed  by  Mr.  John 
Sartain,  well  known  as  one  of  the  ablest  advancers  of  art  in  Phila- 
delphia. Thirty-five  years  ago,  when  the  old  Academy  of  Fine 
Arts,  in  Chesnut  street,  was  burned,  there  perished  in  the  fire  a  very 
valuable  picture  by  Murillo,  entitled  The  Roman  Daughter,  ^"erv 
recently  Mr.  Sartain  has  drawn  it  from  memory.  And  Dr.  Ai)er- 
crombie  tells  us  that  in  the  church  of  St.  Peter,  in  Cologne,  the 
altar-piece  is  a  fine  picture  by  Rubens.  This  was  carried  away  by  the 
French  in  1805,  but  a  local  painter  made  from  memory  a  copy  which 
seems  to  be  absolutely  perfect.  The  original  has  been  restored,  and 
the  copy  is  preserved  along  with  it,  and  even  when  rigidly  compared 
it  is  impossible  to  distinguish  one  from  the  other. 

There  is  in  this  city  a  gentleman  named  John  Ryder,  a  Jessnp  stu- 
dent at  the  Academy  of  Natural  Sciences.  I  am  told  that  he  has  the 
power  of  instantaneous  observation,  and  of  subsequentlv  copyino-,  to  a 
degree  which  far  transcends  anything  I  have  as  yet  heard  of.     Thus 
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having  seen  but  for  an  instant  any  of  tJie  rai)i(lly  moving  animalcules 
in  any  medium,  through  a  micro.sfope,  he  will  j)ro(hu'e  a  perfect  like- 
ness of  it,  admirably  colored  and  shaded.  I  am  under  obligation  to 
Mr.  D.  8.  Holman,.  the  Actuary  of  the  Franklin  Institute,  for  this 
curious  and  valuable  illustration  of  the  advantages  of  eye-memory. 
And  since  recording  this  instance  1  learn,  that  Dr.  Joseph  Leidy,  of 
Philadelphia,  possesses  the  same  power  to  as  great  a  degree. 

One  of  the  first  physicians  in  Baltimore  has  informed  me  that  there 
is  in  that  city,  a  ])atient  of  his,  a  gentleman  who  ))o.s.>«es.ses  eye- 
memorv  to  a  degree  far  transcending  anything  of  the  kind  on  record. 
He  can  recall,  it  is  .said,  visually,  entire  books  which  he  has  read  years 
ago,  and  remembers  anything  he  reads  whenever  he  exerts  the  deter- 
mination to  do  so  at  the  time  of  perusal. 

I  know  personally  a  lady,  Mrs.  Eleanor  Meredith,  a  teacher  in 
Philadelphia,  who  at  one  time,  in  consequence  of  illness,  lost  her  men- 
tal mcmorv.  In  order  to  restore  it,  she  practiced  getting  poetry  by 
heart,  beginning  with  a  poem  of  Longfellow's  of  about  300  lines.  She 
could  not  learn  it  as  she  wished,  but  the  result  of  strenuous  effort 
was  its.visual  acquisition,  every  line  and  mark  becoming  visible  at  will. 
After  a  time  the  lady's  mental  memory  returned.  This  case  is  curious, 
a.s  indicating  an  absolute  difference  between  mental  and  visual  memory. 
I  have  also  met  with  another  lady  teacher  in  the  same  city,  who  was 
induced  to  turn  her  attention  to  art  by  finding  herself  possessed,  to  a 
remarkable  extent,  of  eye-memory.  A  certain  landscape,  which  she 
could  recall  at  will,  delighted  her  so  much  that  she  determined  to  draw 
it.  It  was  her  first  effort,  and  after  many  trials  she  succeeded  in  pro- 
(bicing  a  tolerably  good  picture.  There  is  a  waiter  in  Xew  York  who 
is  much  employed  at  balls  to  superintend  the  guurda  roba.  He  can 
ideutifv  the  owners  of  five  hundred  hats  in  one  evening.  He  does 
this  by  associating  the  face  of  the  wearer  with  his  hat  and  recalling  it 
bv  eve-memorv.  "  I  put  the  face  under  the  hat  and  then  I  know 
who.se  hat  it  is,"  he  says.  I  know  a  hotel  clerk  who  remembers  with 
an  accuracy  which  is  literally  marvelous  every  trunk  which  comes  to 
the  hotel.  There  are  in 'America  many  hotel  keepers  who,  like  the 
late  Mr.  Willard,  rival  Mithridates  in  their  memory  of  faces. 

I  learn  that  in  the  Art  School  of  Boston  the  practice  of  drawing 
with  the  model  removed,  as  at  St.  Petersburg,  is  followed  with  happy 
results.  I  thiidv  that,  after  what  I  have  said  on  this  subject,  that  no 
one  who  will  «'arefully  examine  it  can  doubt  that   the  application  of 
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eye-memory  to  free-hand  drawing-  can  have  anythhig  Init  happy 
results.  It  must  be  remembered,  however,  tliat  it  requires  patience. 
The  faculty  is,  so  to  speak,  not  only  dulled  and  blunted  in  us  by  never 
having  been  used,  but  is  changed  by  having  been  vigorously  developed  in 
other  directions.  Therefore  I  trust  those  who  experiment  on  it  will 
persevere  and  not  be  discouraged  because  the  experiments  of  a  few 
days  do  not  yield  marvelous  results. 

There  is  a  faculty  so  closely  allied  to  eye-memory  as  to  be  effectively 
identical  with  it.  This  is  quick  coiiiprehensireness,  or  rapidity  of  sight 
with  intelligence.  It  is  the  art  of  seeing  and  understanding  objects 
completely,  even  when  in  motion,  in  less  time  than  the  great  majority 
of  people  take  in  so  doing.  Educationally  its  practice  M'ould  form  the 
next  step  beyond  that  of  eye-memor}'.  It  has  also  to  a  degree  been 
applied  in  object  teaching.  Eye-memory  stores  the  memory  with 
phenomena ;  quick  comprehensiveness  gives  rapidity  of  perception  and 
of  thought.  For  merely  mechanical  rapidity  of  ol)servation,  induced 
by  mechanical  methods,  will  awaken  mental  activity  at  last,  even  in 
very  dull  minds.  I  regret  to  say  that  almost  the  only  peojile  w1k» 
appear  to  thoroughly  cultiv^ate  this  invaluable  accomplishment  are 
thieves  and  detectives.  It  is  usual,  in  training  young  sneak  thieves, 
for  die  prece])tor,  holding  a  variety  of  small  objects  in  one  hand,  t«> 
open  and  close  the  hand  rapidly,  and  to  require  his  pupils  to  ascertain 
at  a  glance  what  he  holds.  They  rapidly  attain  an  amazing  clever- 
ness and  quickness  in  such  perception.  A  boy  thus  trained  is  sent  out, 
ostensibly  to  beg.  He  obtains  admission  to  a  kitchen ;  he  may  get  a 
glimpse  of  a  drawing-room,  and  with  that  glimpse  he  takes  in  every- 
thing, remembers  everything,  and  returning  reports  what  he  has  seen. 
There  are  other  people,  not  thieves,  who  develop  the  same  faculty  in 
observing  what  is  none  of  their  business.  They  pry  and  "snoop" 
about,  to  use  an  admirable  New  York  word,  which  exactly  expresses 
such  observation,  and  go  home  with  what  they  have  got  to  gossip  it. 
This  power  of  unusual  quickness  of  ])erception,  seldom  acquired  by 
honorable  practices,  is  generally  transmitted  to  children.  It  becomes 
hereditary,  and  may  then  be  honorably  aj)i>lied.  I  have  had  much 
experience  of  gypsies,  and  have  observed  among  them  a  great  devel- 
opment of  this  faculty.  Those  petty  swindlers  who  go  into  shops 
and  practice  what  is  called  ringing  the  changes,  or  cheating  in 
making  change,  also  develop  remarkable  quickness  of  perception. 
Italians  are  supposed  to  acquire  it  by  playing  niorra.    Civilization  and 
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ordinary  education  ratlier  repress  this  faculty  than  (leveh)j>  it.  It  is 
to  be  regretted  that  an  aceoniplislunent  whicli  is  capable  of  contril)uting 
so  much  to  our  general  intelligence,  and  to  the  exercise  of"  all  our  intel- 
l(!ctutil  f'ucnlties,  should  really  be  deliberately  cultivated  in  its  j)urity 
chic'Hy  by  the  vicious  and  the  mean. 

On  the  other  hand,  the  detectives  who  Inint  these  foxes  are  obliged 
to  become  almost  as  clever.  Many  years  ago  Chief  Marshal  Stevens, 
of  New  York,  told  me  that  he  wished  to  ascertain  the  character  of  a 
man  who  occupied  a  certain  room  which  was  always  kept  carefully 
closed  ao;ainst  all  intruders.  One  dav  he  knocked,  and  the  door  was 
opened  a  few  inches  for  an  instant.  During  that  instiint  his  keen  eye 
took  in  all  the  contents  of  the  room.  He  saw  that  it  was  hung  all 
round  with  suits  of  clothes  of  a  very  varied  description  ;  he  knew  at 
once  that  they  were  used  for  disguise,  and  observed  that  some  of  these 
disguises  were  the  same  as  those  which  had  been  worn  by  the  man 
whom  he  "  wanted."  One  of  the  most  intelligent  men  whom  I  have 
ever  known  is  Robert  Walker,  Inspector  of  Police  in  London.  He 
says  that  most  people,  as  they  walk  along  a  street,  look  habitually 
chiefly  to  the  right  hand,  and  that  newly  enlisted  policemen  are  trained 
to  overcome  this  habit  and  look  to  both  sides,  so  as  to  become  gene- 
rally observant. 

I  have  spoken  of  the  fact  that  children  receive  and  retain  visual 
impressions  better  than  grown  people.  I  certainly  should  not  omit  to 
state  that  Mr.  Francis  Galton  has  remarked  that  women  are  endowed 
with  this  faculty  to  a  much  greater  degree  than  men.  This  great  observer 
has  remarked,  in  Nature,  that  women  are  not  only  better  gifted  than  men 
with  what  he  calls  "mental  imagery,"  but  that  they  surpass  us  in  the  readi- 
ness with  which  they  appreciate  the  scope  and  sense  of  inquiry  into  it. 
He  says:  "I  have  been  astonished  to  find  how  superior  women  usually 
.are  to  men  in  the  vividness  of  their  mental  imagery,  and  in  their 
powers  of  introspection.  Though  I  have  admirable  returns  from  many 
men,  I  have  frequently  found  others,  even  of  the  highest  general  ability, 
(juite  unable  for  some  time  to  take  in  the  meaning  of  such  questions  as 
these  :  '  Think  of  some  definite  object,  say  your  breakfast  table,  as  you 
sat  down  to  it  this  morning,  and  consider  carefully  the  picture  that 
rises  before  your  mind's  eye.  Is  the  image  dim  or  fairly  clear  ?  Is 
its  brightness  comparable  ,to  that  of  the  actual  scene?  Are  the  objects 
sharply  defined  ?  Are  the  colors  quite  distinct  and  natural  ?'  etc.  On 
the  other    hand,  I  find  the  attention  of  women,  especially  women  of 
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ability,  to  be  instantly  aroused  by  these  inquiries.  They  eagerly  and 
carefully  address  themselves  to  consider  their  modes  of  thought,  they 
put  pertinent  questions,  they  suggest  teste,  they  express  themselves  in 
well-weighed  language  and  with  happy  turns  of  expression,  and  they 
are  evidently  masters  of  the  art  of  introspection.  I  do  not  find  any 
particular  tendency  to  exaggeration  in  this  matter  either  among  women 
or  men ;  the  only  diiference  I  have  observed  between  them  is  that  the 
former  usually  show  an  unex})ected  amount  of  intelligence,  while 
many  of  the  latter  are  as  unexpectedly  obtuse.  The  mental  difference 
between  the  two  sexes  seems  wider  in  the  vividness  of  their  mental 
imagery  and  the  power  of  introspecting  it  than  in  respect  to  any  other 
combination  of  mental  faculties  of  which  I  can  think." 

After  such  a  compliment  from  such  a  man  it  would  be  indeed 
ungrateful  should  the  ladies  who  may  meet  with  these  remarks  neglect 
tlie  subject. 

As  summary  and  conclusion,  I  would  n-mark  that  the  development 
of  eye-memory,  to  a  greater  or  less  extent,  is  withiu  the  jmwer  of 
almost  everybody.  Xo  accomplishment  affords  such  lasting  j)]easure, 
and  it  costs  nothing.  It  can  be  exercised  at  any  odd  time  without  anv 
preparation.  In  acquiring  it  stick  to  one  subject  until  you  can  recall 
every  detail  of  its  shape  and  color.  Remember  that  with  young  people 
the  development  of  quick  obsercatioii  in  a  merely  mechanical  manner 
leads  invariably  to  mental  and  intellectual  quickness  of  perception. 
This  wonderful  fact,  except  as  far  as  it  has  been  developed  by  object 
teachers,  is  as  yet  entirely  ignored  in  education,  excej)t  by  thieves  and 
gypsies.  A  (piick  eye  develops  a  quick  mind,  and  a  quick  eye  may 
be  developed  by  training.  And  I  trust  that,  from  what  I  have  said, 
you  will  agree  with  me  that  eye-memory,  though  it  is  as  yet  little 
studied,  is  destined  to  exert,  at  no  distaut  day,  a  great  iuHuence  on  art 
and  on  education.* 

Malleable  Bronze. — P.  Dronier,  in  Paris,  makes  alloys  of  copper 
and  tin  malleable  by  adding  from  \  per  cent,  to  2  per  cent,  quicksilver. 
— Dingler's  Journal.  C 

(*As  I  desire  to  fully  investigate  the  subject,  I  would  regard  it  as  a  great  favor  if 
any  person  who  knows  of  any  authentic  instance  of  eye-memory  would  send  me  an 
account  of  it,  addressed  to  the  care  of  tlie  Secretary  of  the  Franklin  Institute.  Since 
this  lecture  was  written  I  have  received  a  comuumication  from  Mr.  Francis  Gallon, 
in  which  he  rei^uests  me  to  collect  such  instances  in  America,  with  a  view  to  statis- 
tical comparison.  C.  G.  Leland.) 
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TIio  aceiiraov  of  my  approximation  to  the  apparent  5iemi-<liameter 
ot"  the  Sim*  is  confirmed  by  tiie  tollowinii-  kinetic  considerations,  some 
of  wiiich,  thouoji  seemingly  of  great  fundamental  ini[)ortanee  and 
character,  have  l)een  generally  overlooked. 

1.  Matter  has  been  usually  regarded  as  composed  ot"  discrete  parti- 
<3les.  This  hypothesis  enters  even  into  the  kinetic  theory  of  gases. 
If  it  is  true,  all  force  must  be  transmitted  from  particle  to  particle, 
and  time  must,  therefore,  be  required  to  overcome  the  inertia  of 
masses. 

2.  Attraction  and  repulsion  have  been  generally  considered  under 
the  influence  of  central  forces,  varying  inversely  as  the  squares  of  the 
distances  from  the  centres  and,  therefore,  producing  motions  with  vari- 
.al)le  velocity. 

3.  Waves,  orbital  undulations,  and  other  cvclical  motions,  are  gen- 
erally propagated  with  unitorm  or  nearly  uniform  velocity,  although 
they  are  often  accompanied  by  subordinate  movements  with  varying 
velocity.  Variable  velocities  are  often  converted  into  uniform  or 
nearly  uniform  velocities,  as  in  the  case  of  conical  pendulums,  planet- 
ary rotations  and  orbital  revolutions. 

4.  In  all  undulations,  and  in  all  cyclical  motions  through  an  undu- 
lating medium,  there  are  tendencies  to  synchronism.  The  synchro- 
nism may  be  complete,  producing  equal  cycliciil  motions  in  equal 
cyclical  times,  or  nodal,  i)roducing  harmonic  series  of  cvclical  motions 
which  are  completed  in  equal  times. 

5.  Newton  showed  that  if  a  centripetal  force  varies  as  the  distance 
of  a  l)ody  from  the  centre,  all  bodies,  revolving  in  any  planes  whatso- 
ever, will  describe  ellipses  and  complete  their  revolutions  in  equal 
times  ;t  that  bodies  which  move  in  right  lines,  running  backwards 
and  forwards  alternately,  will  complete  their  several  periods  t)f  going 
:and  returning  in  the  same  times  ;t  and  that  if  a  fluid  be  composeci  of 

*  Proceed.  Atn.  Phil.  Soc,  xviii,  .S8(). 
t  Pn'ncipia,  B.  I,  Prop.  47. 


Jduo.  ISSO.I  Chase — W'hx'iiit  of  Lh/hf.  U>1 

partiolo>  inutually  ivpolling  each  other,  aiul  it"  the  iK'n>ity  varii'>  a> 
tlio  aMupivs^ion,  tlio  oentrit'iiii-al  t'oiws  ot'  tlio  jnirtiolos  will  ho  iwijn'O- 
c^ally  pi\>j>ortioiial  to  the  tiistaiu'os  o{'  thoir  eonrivs,*  as  it'  imiioatiuii-  a 
reaction  aii-ainst  a  t'oree  whieli  varies  a-^  the  disrauiv  t'roiii  the  eontiv. 
The  centripetal  t'oive  is  partially  illustrated  hy  the  rotation  of  planet- 
ary Ixxlios ;  the  (.vntrifnii'il.  hy  the  varyinir  pressuiv  ot'  elastic  atntos- 
piieres. 

li.  Such  tvutri{Hnal  t'oiw  :is  is  ahovo  sup|H^t\l  iw^niivs,  for  its  it^u- 
pleto  manifestation,  an  omnipreseuiv  o\'  activity,  which  is  liovoiil  of 
inertia,  of  pt>mler:\hility,  ami  o\'  all  other  onlinary  tests  of  material 
nature;  an  aciivit\  which  inav.  perhap>,  projuM'ly  he  rciiardinl  as 
spiritual. 

7.  liaplace  tound  him-clt'  ohliiiwl  to  recooiii/o  ;in  activity  in  onwi- 
tation.  which  is  pro[iaii-atC(l  with  ai  least  ltH\tXHt.<HX>  tintes  the  velo- 
city ot'  liiiht."!'  This  activity,  he  says,  may  he  |)roperly  rcii-ardcil  as 
instantaneous.  If  it  is  spiritual,  it  may  without  difficulty  he  rcii-ardoil 
as  alxsolntelv  instaiuaucous  throughout  tlu>  universe.  It' it  is  material. 
it  is  ditticnlt  to  conceive  oi'  any  relation  o{  elasticity  to  den>ity  whii'h 
would  he  so  g-rent  as  l().(H>i).(H)0.(>(>0.(HH».(H»O  times  that  o{  the  su|'postMl 
luniiitit'crous!  jvther.  Yet  such  are  tin*  rciiuircmeuts  o\'  the  Newtonian 
law,  that  "  the  vehvities  ot'  pulses  pro  pa  ga  tin!  in  an  elastic  fluid  are  in 
a  ratio  comi>oundcd  of'  the  suhduplicate  r-atio  of  the  elastic  f'oiw 
diitH'tly,  and  the  sulnluplicatc  ratio  of  the  density  inversely.";};  The 
import;inci>  ot"  this  law  has  hixMi  shown  hy  the  investigations  of  (.ii-a- 
h:un,  hy  the  iutpiirics  of'  Knglish  and  (ierman  physicists  into  the  rela- 
tions hetween  ehH'tro-maguetit'  and  luminous  velocities,  ami  hy  my 
own  correlations  ot"  the  f'orce  ot'  solar  n>tation  with  the  f'orces  ot'  light. 
gravitation  and  chemical  attraction. 

8.  In  anv  ela>^tic  or  cpiasi-elastic  uu^iium.  "if'  tlu*  distancc>  h(>  taken 
in  harmonic  [or  arithmetical]  progrc'-sion.  the  dcn>ities  of  the  medium 
at  those  distances  \vill  he  in  a  geometrical  progression. "^j  1  use  the 
term  **  quasi-ehi^tic,"  in  oixler  to  nuvt  the  views  of  Faraday,  Proston|| 

*/6irf.,  B.  II.  Pmp. -•>. 
+  J/ir.  (>/.,  X.  vii.  -l-l. 
tPrim-ipia,  B.  II.  1'.  4S. 
i  //>/</..  R.  II.  V.  •2-2. 

\\  P.  .l/iij/..  Juiu'.  Sopl.,  1S77.      Pioston   iliRV^  not   sjivo   Maxwoll's  diMUon'-tratioii  of 
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tiio  ratio   .  ami  uoitluT  ho  nor  MaxwoU  mvius  to  liavo  Invn  awaivtiial  1  \\:u\  \i<M 
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aiul  utljcrs,  who  prefer  to  treat  Jill  kinetic  cjiiestioiis  in  acconlance  witli 
lines  of  force. 

9.  The  distances  of  projection,  under  uniform  resistance,  are  propor- 
tioned to  the  living  forces  of  pr()je<'tion,  and  inversely  as  the  density 
<»f  the  resisting-  medium. 

10.  In  most,  if  not  in  all,  j>hysical  investigations  which  introduce 
consideration  of  central  force,  velocity  may  be  treated  as  a  function  of 
radius,  time  and  mass. 

r  =  F  (/•,  /,  //(). 

In  undertaking  to  investigate  successive  conversions  of  spiritual, 
undulatory  and  centripetal  or  centrifugal  energy,  astronoiuical  plieno- 
mena  furnish  the  most  abundant,  extensive  and  varied  opportunities 
for  observation  and  illustration.  Unfortunately,  there  is  so  much 
uncertainty  in  regard  to  the  dimensions  and  densities  of  the  })rincipal 
heav^enly  bodies  that  we  can  point  to  few  results  which  are  so  |)recise 
as  would  be  desirable.  There  are,  however,  some  important  indica- 
tions of  the  operation  of  the  foregoing  laws,  which  are  confirmed  by 
terrestrial  phenomena  that  are  capable  of  very  accurate  measure- 
ment. 

In  Searle's  Outlines  of  Astro)iomi/,  page  403,  the  following  figures 
are  quoted  from  the  Aanilen  der  Steniwarte  in  Leiden,  on  the  autho- 
rity of  Kaiser.  "  The  aj>parent  diameter  of  Mercury,  at  a  distance 
equal  to  the  semi-axis  major  of  Earth's  orbit,  ranges,  according  to  dif- 
ferent observers,  from  d'2"  to  6-9";  that  of  Venus  from  16-6"  to 
17'9";  the  apparent  equatorial  diameter  of  Mars  from  9*6"  to  9*2"; 
its  apparent  polar  diameter  from  9"4"  to  9'2".  Similar  disagreements 
appear  in  different  estimates  of  the  ap})arent  diameters  of  Jupiter, 
Saturn,  Uranus  and  Neptune,  at  a  distance  for  each  planet  equal  to 
the  semi-axis  major  of  its  orbit.  Thus  the  equatorial  diameter  of 
Jupiter  ranges  from  39-5"  to  37-1";  its  polar  diameter  from  37-9"  to 
35'1";  the  equatorial  diameter  of  Saturn  from  18*5''  to  16*9";  its 
polar  diameter  from  16"8''  to  15'1";  the  diameter  of  Uranus  from 
2-9"  to  3-6'' ;  that  of  Neptune  from  2-5"  to  4'4". 

Kaiser  adopts,  as  most  probable  values  for  the  ratios  of  the  several 


the  same  ratio  of  vis  viva  five  years  previously,  in  discussing  results  of  gaseous  energy 
{Proe.  Am.  Phil.  Soc,  Feb.  1(>,  1872,  vol.  xii,  p.  894,  foot-note).  I  showed  that  in  the 
explosion  of  ga-ses,  the  secondary  centre  of  oscillation,  on  the  return  towards  the  cen- 

/  V2         -2     ,  12—9         .5\ 
tre,  18  at  I  — —  —  -  ot  — — —  =i  —  I   of  the  extreme  excursion. 
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diameters  to  Earth's  diameter,  figures  which  I  have  increased  by  one 
per  cent.,  in  order  to  adapt  them  to  more  recent  estimates  of  Sun's  dis- 
tance. These  increased  figures  are  given  under  /-(I),  in  the  following 
table.  Under  r(II)  and  in  the  subsequent  columns,  I  give  theoretical 
values  which  illustrate  simple  harmonic  deductions  from  the  above 
general  function  of  velocity. 


1.  Mercury, 

2.  Venus, 

3.  Earth, 

4.  Mars, 

5.  Jupiter, 
f).  Saturn, 

7.  Uranus, 

8.  Neptune, 

9.  Sun, 

The  value  which  I  have  assumed  for  Earth's  mass  is  the  one  which 
I  have  deduced  from  velocities  of  rotation  and  revolution  and  Struve  s 
constant  of  aberration.  The  other  mass-denominators  are  the  ones 
which  are  now  generally  adopted  by  astronomers.  The  semi-axes 
major  are  represented  by  p ;  the  superficial  equatorial  acceleration  of 
gravity  hy  g  ;  the  density  by  o  ;  Earth's  values  being  assumed  as  the 
units.  In  the  expressions  for  g  of  Saturn  and  Uranus,  p^  =  8-539  ; 
t  =  16-9823;  /^,  being  the  mean  distance  between  the  centre  of  the 
belt  of  greatest  condensation  (Earth)  and  the  primitive  centre  of  rotary 
inertia  (Saturn) ;  t  being  the  ratio  between  the  time  of  Earth's  rota- 
tion (a   sidereal   day)  and  the   limiting   time  of  satellite-revolution 

(2--J-,  at  Earth's  equatorial  surfaceV     It  is  impo.ssible,  at  present, 

to  assign  any  more  probable  values  for  the  planetary  radii  than  those 
which  I  have  given  under  r'ylT).  From  those  values  and  the  masses, 
g  and  d  are  readily  found  by  the  proportionalities,  o  cc  m  -^  r^ ;  g  oc 
m  -=-  1^.  The  relations  of  ^  to  simple  functions  of  the  semi-axis  major 
would  be  very  striking,  even  if  they  were  only  approximately  true. 
Although  we  cannot  ascertain  whether  the  relations  are  exact  or  not, 
the  following  considerations  seem  to  increase  the  probability  that  they 
are  correct  indications  of  normal  harmonic  modifications  of  gravitating 
force  by  distance  and  time. 
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In  c'omparinir  tlio  iiravitatino;  force  at  the  principal  centres  of  early 
nebular  activity,  \v(;  may,  then,  acknowledge  a  .strong  [)robability : 

1.  That  the  force  at  the  centre  of  reciprocity  (Neptune)  is  one-half 
Its  great  a.s  at  the  centre  of  the  belt  of  greatest  density  (Earth). 

2.  That  the  force  at  the  centre  of  rotary  inertia  (Saturn)  is  to  the 
force  at  the  centre  of  density  as  the  rotary  centripetal  force  at  Sun  is 
to  the  rotary  centripetal  force  at  Earth,  the  rotating  tendencies  being 
i-eferred  to  Saturn  as  a  centre. 

3.  That  the  force  at  the  centre  of  nebulosity  (Jupiter)  is  to  the  force 
at  the  centre  of  density  as  the  combined  influence  of  the  gravitating 
force  at  the  centre  of  reciprocity  and  tlie  rotary  centripetal  force  at 
Jupiter  is  to  the  combined  influence  of  the  corresponding  forces  at 
Earth. 

4.  That  the  force  at  the  centre  of  nucleatio'n  (Sun)  is  equal  to  the 
velocity  of  light  divided  by  the  time  of  a  half-rotation,  the  half  rota- 
tion indicating  the  alternate  oscillation  of  equatorial  particles,  from 
and  towards  the  centre  of  gravity  of  Sun  and  Jupiter. 

In  extending  the  comparison  to  the  subordinate  centres  within  the 
belt  of  greatest  condensation,  we  find  a  like  probability  : 

5.  That  the  force  at  Mars  is  to  the  force  at  the  centre  of  density  as 
the  combined  force  of  gravitating  vis  viva  at  the  centre  of  reciprocity 
and  rotary  centripetal  force  at  Mars  is  to  the  corresponding  combined 
influences  at  Earth. 

6.  That  the  force  at  each  of  the  inferior  planets  (Venus  and  ]Mer- 
cury)  is  represented  by  the  ratio  of  projectile  living  forces  to  times  of 
revolution. 

Leaving  the  outer  and  somewhat  doubtful  territory  and  entering 
upon  surer  ground,  let  us  consider  some  of  the  obvious  results  of  con- 
version of  primitive  force  with  reference  to  centres  of  condensation. 

1.  If  the  velocity  is  constant  the  radius  of  rotation  or  revolution 
must  be  proportioned  to  the  time. 

2.  If  radii,  which  were  originally  established  by  a  constant  velocity, 
are  converted  into  radii  of  free  revolution  under  equivalent  central 
forces,  the  times  of  revolution  must  be  proportioned  to  the  f  power  of 
the  radii. 

3.  If  radii  of  synchronous  revolution  and  axial  rotation  are  due  to 
the  action  of  a  primitive  constant  wave-velocity,  while  nucleal  radii 
are  due  to  the  collision  of  particles  moving  with  parabolic  velocity,  the 
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former  velocity  would  be  communicated  in  the  time  of  a  half-rotation, 
while  the  latter  would  be  communicated  in  — ^of  the  same  time. 

4.  Let  us  suppose  that  the  ratio  of  the  solar  year  to  the  terrestrial 
day  originated  in  the  constant  velocity  (1)  of  light,  which  is  still  rep- 
resented  by  the  equation  of  solar  half-rotation  (  — =  t\  ) ;   that  the 

time-radii  (rj  were  converted  into  radii  of  free  revolution  under  equi- 
valent central  forces  (2),  and  that  corresponding  nucleal  radii  {p^  were 
established  by  parabolic  collision  (3).      We  should  then  have 

3 

or,  substituting  the  ratios  which  are  represented  by  i\  and  o^, 

3 

(1  year\  -       /Earth's  semi-axis  major\  #     ^_ 
1  day/          V    Sun's  semi-diameter.  / 
Tiie  sidereal  year  is  composed  of  the  original   nebular  sidereal  I'ota- 
tion  and  the  3(>5*2563()  additional  sidereal  rotations  which  are  due  to 
terrestrial  condensation.     Making  these  substitutions, 

(o65-25636)^":.r^::7r:,  '2  | 

.)•=  214-5365  )" ^^• 

Among  the  obvious  nodal  influences  of  distance  and  velocity  which 
may  be  reasonably  supposed  to  have  modified  the  kinetic  undulations 
between  the  centres  of  density  and  of  nuclcation,  the  following  mav  be 
specified : 

1.  The  velocity  of  light,  I'^,  or  the  projectile  velocity  which  is  equal 

to  the  sum  of  Sun's  gravitating  equatorial  reactions  during  a  half-rota- 
tion, iLl. 
2 

2.  Sun's  limiting  velocity  of  revolution,  V^  =  I  gr,  r  being  the 
equatorial  radius. 

3.  Earth's  limiting  velocity  of  revolution,  t'o=  1  g>',  at  the  equato- 
rial surface. 

4.  Earth's  superficial  equatorial  velocity  of  rotation,  i\ . 

5.  Earth's  semi-axis  major,  p^. 

6.  Earth's  diameter,  2r,  or  the  major-axis  of  limiting  synchronous 
linear,  elliptical  and  circular  oscillation. 
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7.  Moon's  semi-axis  iiuijor,  />,. 

S.  Tilt'  ratio  ot"  variation  l^etwecn  Laplace's  limit,  /•,,  and  the  nucleal 


ratlins,  r^;  )\  ac  /•„  . 

From   Strnv^e's  constant  of  aberration,  eqtiation  A,  antl  other  well- 
known    measnrements,    we    fintl    :     T'^  =  214*5365ry  -^  497*827  = 

•4309458r,;  Fo=  214-53651  X  2 -/-q -^3 1558 150= '0006 2564/-,;  r,= 

/3962-82x32-088\  h  ^4.9075       ^2;:  X  3962-82^86164=-288974  ; 

V  5280  /  ' 

l\  -^T;  =  688-815;  v^-^r.^l 6-98237.    The  combined  nodal  action 

of  \\  ,  Vq,  Vq,  i\,  p^  and  2r  are  represented  by  the  eqnation : 

V  t 


2r 


B. 


688-8 15  X 16-98237  = />o-=-7924-64. 
/>„  =  92,711,850  miles. 

V^  =  ^,-^497 -827  =  186,233  miles  =  299,705  kilometres. 
r,  =  />o-^214-5365  =  432,495  miles. 
p^  ^  r  =  23,395-4. 

Sun's  mass  _  330^997, 
Earth's  mass 

If  we  adopt  Newcomb's  estimates  of  Sun's  diameter,  mass  and  dis- 
tance [Popular  Astronomy,  p.  528),  the  nodal  value  of  T"^  would  be 

185,334  miles;  the  value,  as  determined  by  Struve's  constant  of  aber- 
ration, 185,475  miles  ;  the  discrepancy  being  only  ^  of  one  per  cent. 
Michelson's  estimate  (299-820  km.)  is  about  -^^  of  one  per  cent,  greater 
than  mine,  antl  about  ^  of  one  per  cent,  greater  than  Newcomb's. 

Newton's  law  of  the  ratio  of  elastic  densities  to  distances  (8),  the  law 
of  projection  under  uniform  resistance  (9),  and  the  ratio  of  variation 
between  Laplace's  limit  and  the  nucleal  radius,  all  are  illustrated  by 
the  lunar  equations : 


32 


^X  _r=Oj=:  60-3815/-. 
t'r       9 

I^\   ■  r  =  p,  very  nearly  =  23,622/-. 


1 


a 


J.  J.  von  I^ittrow's  estimate  for  Moon's  semi-axis  major,  cited   by 
Searle  (p.  400),  is  60-2778,  or  about  ^y^  of  one  per  cent,  less  than  the 
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above  result.  The  velocity  of  light,  as  deduced  from  tiie  lunar  value 
of  ^,„  is  188,040  miles,  or  nearly  one  per  cent,  greater  than  the  value 
found  in  equation  B. 

I  think  no  one  will  l)e  likely  to  attach  much  weight  to  the  larger 
value,  but  it  is  interesting  on  account  of  its  indication  of  elliptical 
nebular  influence,  with  a  nucleal  radius  about  one  per  cent,  larger  than 
Sun's  present  radius,  and  a  major-axis  about  one  per  cent,  larger  than 
Earth's  present  mean  vector-radius.     The  nebular  influence  may  be 


inferred  from  the  fact  that 


=  -© 


OF  THE  ADJUSTMENT  OF   A  QUADRILATERAL    IN  A 
TERTIARY  SYSTEM  OF  TRIANGULATION. 


By  T.  W.  Weight, 

Assistant  Engineer  U.  S.  Lake  Survey,  Detroit,  Mich. 


In  a  quadrilateral  A  BCD  the  eight  single  angles  at  the  vertices  are 
equally  well  measured ;  required  to  adju.st  it  so  that  the  sums  of  the 
angles  of  the  four  triangles  into  which  it  is  divided  by  the  two  diago- 
nals .shall  each  =  180^ 

It  follows,  from  ordinary  geometry,  that  if  the  sums  of  tiie  angles 
of  three  of  the  triangles  =  180°,  the  sum  of  the  angles  of  the  fourth 
triangle  must  ^  180°. 

Assume  the  eight  measured  angles  A^  A^  B.^...  as  approximate  values, 
and  call  a^  a^  b^. . .  the  most  probable  corrections  to  these  values. 

Then  the  equations  of  condition  are 
A,+a,+B,^-b,+B,+b,+  Q+c,=180 

C,+c,-^D,-^d,+D,+d,+A,+a,=\%(} 
or 

h  +  Ci  +  %  +  ^6='^2  D^ 

C5  +  ^6  +  <^7  +  «8=^'3 

with  the  mininuun  equation 

a,'+a;'^bi+bi+c,'+c,'-\-di+d:r=ix 
minimum. 

Solving  in  the  usual  way  we  find 
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4  4 

_j      3  _^       4 


where 


r.=  —  -  <-,  -r  r,  —  - 
2  2 


Hence  the  rule 

1.  Write  the  iiieat^ured  tingles  in  order  of  aziimitli  in  two  sets  of 
four,  the  first  being  the  angles  of  the  triangle  ABC  and  the  .^^econd 
those  of  CI) A. 

2.  Adjust  the  angles  of  each  set  by  I  of  the  difference  of  their  sum.'^ 
from  180°,  arranging  the  adjusted  angles  in  two  columns,  so  that  the 
first  column  will  show  the  angles  of  ABD  and  the  second  those  of 
BCD. 

3.  Adjust  the  first  coluiuu  bv  \  of  the  difference  of  its  sum  from 
180°  and  a})])ly  the  same  correction  with  the  oj)posite  sign  to'the 
second  column. 

The  final  angles  will  then  re.sult. 
Example  : 

Measured  angles. 

(A,     .32°     05'     40" 

-^^^^^IB,     44 

C     29 


f  C,     22 
■^^^  ^^  I  I),     58 

[a    15 


25 

05 

12 

04 

17 

15 

4 

37 

46 

52 

55 

27 

42 

01 

35 

First  adjnstnient. 

Final  adjustment. 

39-0" 

38-75" 

04-0 

3-75 

3-0 

3-25 

14-0 

14-25 

46-5 

46-75 

55-5 

55-75 

42-5 

42-25 

35-5 

35-25 

58  1-0  00- 
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APPROXIMATE  QUADRATURES  OF  THE  CIRCLE,   III,. 


By  Pliny  Earle  Cha.se,  LL.D. 


A  late  number  of  Dingier  s  PoJytechnisches  Journal  (March,  1880, 
pp.  400-1)  contains  an  approximate  construction  of  tlie  ratio  of  the 
circumference  of  a  circle  to  its  diameter  bv  L.  Hajnis,  of  Prag:ue.  It 
is  not  so  simple  as  my  first  method,*  and  the  result  (3*141738)  give 
an  excess  of  "000146  diam.,  which  involves  an  error  nmeteen  times  as 
great  as  that  of  my  first  construction,  and  more  than  540  times  as  great 
as  that  of  my  construction  ot  the  ratio  of  Adrian  Metius.t 

A  previoiLS  number  of  Dingier  s  Journal  (1879  232  182)  gave  an 
approximation  which  had  been  simultaneously  and  independentlv  dis- 
covered by  Hajnis  and  by  Dr.  J.  G.  Wiedemann,  of  St.  Petersburg. 
The  comparative  closeness  of  the  ?]uropean  and  American   methods  is 

shown  below: 

Error.         Katio  of  Error. 

1.  Wiedemann-Hajnis,  ;]-14142]  — -000171  633     ) 

2.  Hajnis,      .          '    .     3-] 41738  --000146  541      V European. 

3.  Mean  of  1  and  2,      3*141579  —'000013  48     j 

4.  Chase,  I,  .             .     3-141585  —-00000766  28-3) 

5.  Perkins,         .              3-1415922  — -00000045  Mi  I  American. 

6.  Chase,  II,             .     3-1415929  -r- -00000027  1     j 

Some  of  the  readers  of  the  journal  seem  to  have  thought  that  my 
second  construction  was  borrowed  from  Metius.  Such  is  bv  no  means 
the  case.  He  merely  discovered  the  fractional  apj)roximation,  and 
geometers  have  striven  in  vain,  for  250  years,  either  to  find  a  simple 
construction  for  this  approximation  or  to  devise  some  other  construc- 
tion which  would  give  a  result  nearly  as  accurate.  All  attempts  in 
the  first-named  direction  seem  to  have  been  fruitless  until  I  solved  the 
problem;  and  few  of  the  methods  in  the  second  direction,  even  of 
those  who  have  thought  their  solutions  rigidly  correct,  have  been  so 
satisfactory  as  to  deserve  a  place  in  such  a  comparison  as  I  have  given 
above.  The  construction  l)v  Perkins  was  ingenious,  and  far  closer 
than  any  which  had  preceded  it,  but  it  wa.s  too  complicated  for  any 
practical  purpose.     It  would  be  much  easier  to  lay  off  ^^  from  a 

*  This  Journal,  .July,  1879,  p.  4o.  j  Ibid.,  Aug.,  1879,  p.  105. 
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.scale  of  eciiial  purtts  tliaii  to  j^o  through  all  the  detail.s  of  liis  inetlnul, 
and  the  result  would  prohahly  he  more  satisfactory. 

For  coinhiued  simplicity  and  accuracy  sufficient  for  all  practical 
pur[H)ses  even  my  first  construction  still  challenges  competition.  The 
second,  I  think,  will  kmg  remain  an  Ultima  Thule  for  all  wlio  like  to 
amuse  themselves  with  geometrical  approximations  of  this  kind. 

Since  writing  the  above  I  have  seen  a  neat  and  sim])le  approxima- 
tion by  Josef  Baader  {I)ln(/le)-\s  Journal,  1880  236  258),  which 
gives  -7854004  B',  the  true  area  of  the  circle  being  -78539816  I)\ 
The  error  is,  therefore,  less  than  -0003  of  one  per  cent.  This  is  nearly 
as  close  as  my  first  approximation,  l)ut  the  error  is  more  than  30  times 
as  great  as  that  of  my  second  construction. 

If  the  quadrature  is  desired,  instead  of  the  rectification,  it  may  be 
readily  obtained  as  follows:  Referring  to  the  figure  (Aug.,  1879,  p. 
105),  extend  AO  to  0\  making  AC  =  2  AC ;  on  ^16^^  take  AF'  = 
AF;  join  FC ;  draw  F^i^" parallel  to  C'F.  Then  AH'  =  -78539823 
AFK  

Chicken  Cholera. — Pasteur  finds  that  the  germs  of  chicken 
clR>lera  increase  with  marvelous  rapidity  in  a  chicken  broth,  neutralized 
by  potash  and  rendered  sterile  by  a  temperature  of  from  110°  to  115° 
(230°  to  239°F.).  If  the  point  of  a  needle  be  dipped  into  a  virulent 
broth  the  prick  of  the  needle  will  be  fatal  to  chickens,  but  it  produces 
merely  an  abscess  in  Guinea  pigs.  The  virulence  may  be  diminished 
by  retarding  the  development  of  the  germs,  and  inocnlation  does  not 
then  become  fiital,  but  it  produces  a  temporary  disorder  which,  like 
vaccination,  serves  as  a  guard  against  subsequent  attacks.  —  Comptes 
Rendus.  C. 

Photography  of  the  Heat  Spectrum. — Abney  has  made  a 
photographic  chart  t»f  the  portion  of  the  solar  spectrum  which  is 
less  refrangible  than  the  line  A.  It  was  obtained  by  a  reflecting  net- 
work, of  about  1^  inches  opening,  and  containing  17,200  lines  per 
inch,  with  a  special  preparation  of  silver,  which  seems  sensitive  to  all 
radiations.  The  result  agrees  with  the  thermal  observations  of 
Lamansky,  and  also,  so  far  as  comparisons  have  been  made,  with  those 
of  Sir  John  Herschel.  Since  the  construction  of  the  chart  Abney  has 
obtained  photographic  proofs  of  solar  and  artificial  spectra  which 
extend  beyond  the  wave-length  19400.  A  complete  description  of 
his  processes  is  to  be  published  by  the  Royal  Society. —  Compf.  Bend.  C 
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EARLY  USE  of  ANTHRACITE  COAL  ix  PEXXSYLVAXIA. 


[The  followiug  article  has  been  kindly  handed  to  us  by  ]Mr.  A\'ash- 
ington  Jones  for  publication  in  the  Journal.  He  received  it  from 
Mr.  John  T.  Morris,  in  whose  possession  it  has  been,  we  believe,  for  a 
long  time.  The  original  writer  of  the  article  cannot  be  discovered  at 
this  period,  but  the  ink,  faded  with  time,  and  the  old-fashioned  paper 
attest  to  the  age  of  the  document,  which  is  of  great  interest  if  only  to 
show  the  immense  progress  that  has  been  made  since  that  time.       X.] 

In  1824  Jonah  and  George  Thompson,  of  Philadelphia,  made 
arrangements  for  the  construction  of  a  new  steam  engine,  expressly 
calculated  for  the  use  of  anthracite  coal,  at  their  iron  Avorks  on  the 
Schuylkill,  2(j  miles  from  Philadelphia;  its  power  was  estimated  equal 
to  100  horses. 

In  January,  1825,  it  was  completed  and  in  successful  oi)eration, 
and  no  other  fuel  was  used,  except  small  wood  for  kindling,  for 
upwards  of  two  years  that  they  had  possession  of  the  works. 

Before  their  trial  they  resorted  to  every  means  to  obtain  information 
whether  the  coal  had  been  pi'eviously  used  for  the  ])urpose  cither  in 
this  or  the  neighboring  States,  and  the  result  was  that,  although  many 
experiments  had  been  made,  yet  in  every  instance  it  had  been  attended 
with  disappointment  and  consequently  abandoned. 

This  object  (which  succeeded  on  the  first  trial)  was  accomplished  by 
dividing  the  furnaces  under  the  four  boilers,  of  22  feet  each,  by  a 
centre  wall,  making  each  about  10  feet  deep,  and  having  doors  at  the 
end ;  the  flues  passed  into  a  high  chimney  in  the  centre,  the  draft 
regulated  with  a  damper,  and  the  grate  bars  placed  much  nearer  the 
bottom  af  the  boilers  than  Avhat  is  required  for  otlier  fuel. 

The  enclosed  extract  from  the  West  Chester  paper,  by  C.  Miner, 
although  the  date  is  not  attached,  was  published  without  the  knowl- 
edge of  the  proprietors: 

"  We  understand  that  the  Messrs.  Thompson,  at  the  Phaniix  Xail 
Works,  on  French  Creek,  have  fully  succeeded  in  constructing  a  fur- 
nace for  a  steam  engine  calculated  for  the  use  of  anthracite  coal,  and 
in  discovering  a  mode  by  which  this  fuel  may  be  most  advantageously 
applied  to  that  important  purpose.  We  would  heartily  congratulate 
the  eastern  section  of  our  State  upon  this  valuable  discovery.     Xotii- 
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iiig;  within  <»iir  knowlcKli^e  luis  occurred  of  recent  dat-e  wliich  ciin  have 
a  more  uusj)icious  influence  upon  our  manufacturing  interests.  The 
difficulties  whicli  have  heretofore  been  by  some  supposed  insurmount- 
able in  the  way  of  using  our  hard  coal  for  steam  engines,  have  arisen 
from  the  intensity  of  the  lieat  which  it  gives  out  in  a  full  state  of 
ignition — its  sluggishness  in  kindling,  and  the  partial  supj)ression  of 
the  tire  when  fresh  supplies  of  coal  were  added.  These  difficulties 
have,  as  we  are  assured,  been  thoroughly  conijuered  by  the  persever- 
ance and  ingenuity  of  the  gentlemen  whose  names  we  have  taken  the 
liberty  to  mention.  Their  success  has  been  complete,  and  they  are 
therefore  entitled  to  the  jiraise  of  having  conferred  upon  the  commu- 
nity a  benefit  of  incalculable  general  importance.  Xo  one  will  doubt 
this  who  will  take  the  trouble  to  reflect  u[)on  the  consequences  which 
have  resulted  to  other  countries  from  the  possession  of  a  cheaj)  and 
abundant  fuel  for  the  use  of  steam  engines  and  other  similar  purposes. 
This  may  emphatically  be  said  to  be  one  of  the  mainsprings  of  Eng- 
land's greatness.  It  is  this,  too,  which  has  largelv  contributed  to 
make  Pittsburg,  which,  within  the  recollection  of  many  a  one  now 
living,  was  but  a  military  station  in  the  western  wilderness,  one  of  the 
first  manufacturing  towns  in  our  wide  spread  territory.  The  same 
cause,  when  brought  fully  into  action  in  our  own  district,  must  pro- 
duce similar  effects  upon  the  places  within  the  range  of  its  influence  ; 
and  especially  upon  Philadelphia,  where  mechanical  power  to  any 
extent,  and  in  almost  any  situation,  can  be  easily  created  at  a  moderate 
expense.  Machinery  worked  by  steam  power  may  be  expected  to 
abound  among  us,  thereby  producing  a  consumption  of  thousands  of 
tons  of  coal  annually.  Who  can  calculate  the  benefits  to  result  from 
such  a  state  of  things?  It  will  affect  the  value  of  our  coal  lands 
within  a  convenient  distance  from  the  navigation.  It  will  give  con- 
stant and  profitable  employment  to  a  large  body  of  colliers,  boatmen 
and  others  engaged  in  mining  and  transporting  the  coal.  It  will 
,  secure  to  the  Schuylkill  Navigation  Company  a  [>rolific  source  of  rev- 
enue from  their  tolls.  It  will  encourage  and  promote  the  undertaking 
of  similar  })ublic  works,  canals  and  railroads  in  the  other  coal  districts 
with  which  our  State  abounds,  and  especially  those  which  are  tributary 
to  Philadelphia.  It  will  open  to  that  city  a  vast  field  for  the  employ- 
ment of  her  capital  and  industry,  to  the  augmentation  of  her  trade 
and  population.  These  great  advantages,  so  diffusive  in  their  prosper- 
ous results,  the  Schuylkill  Navigation  will  enable  us  to  realize  from  a 
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sterile  and  mountainous  country,  formerly  considered  almost  worth- 
less. Let  such  considerations  stimulate  our  people  to  a  never-tiring 
zeal  in  that  cause  which  should  be  so  near  to  the  heart  of  every  patri- 
otic citizen — the  cause  of  internal  improvement." 

On  the  23d  of  July,  1829,  the  writer  perfected  numerous  experi- 
ments relative  to  increasing  the  blaze  of  anthracite  coal  by  the  intro- 
duction of  steam  into  a  furnace ;  it  had  the  effect  to  a  verv  great 
extent;  but  whether  the  chilling  of  the  furnace  will  not  counter- 
balance the  effect  of  the  increased  flame  can  only  be  decided  l)v  farther 
trials. 

The  moist  blasts  in  England  are  now  entirely  abandoned  in  the 
furnaces  from  the  consequent  loss  of  ciiloric. 

Under  any  circumstances  no  other  difficulty  exists  in  the  use  of 
anthracite  coal  for  steam  power  but  its  price  in  comparison  with  Vir- 
ginia bituminous  coal  and  wood. 

It  is  understood  that  the  experiment  made  in  Baltimore  for  intro- 
ducing steam  into  the  furnace  to  increase  the  blaze  was  in  a  fire  made 
of  bituminous  coal  and  not  of  anthracite,  and  the  a[)plication  of  it  to 
anthracite  and  the  effects  produced  was  for  tlie  first  time  ascertained 
in  the  experiment  hereto  annexed. 

The  Messrs.  Thompson  furnished  patterns  and  information  which 
were  applied  to  the  construction  of  the  steam  engine  used  on  the 
Union  Canal  when  tlie  anthracite  was  employed. 


Prediction  of  Chemical  Elements.  —  In  awarding  the  L. 
Lacaze  prize  to  Boisbaudran,  for  the  discovery  of  gallium,  the  com- 
mittee remark  that  the  new  element  was  not  obtained  by  accident  or 
by  any  spectroscopic  indications.  Its  discoverer  was  led,  bv  theory, 
to  seek,  in  ores  of  zinc,  an  element  which  was  required  in  order  to  fill 
a  vacancy  in  his  classification.  By  operating  upon  52  kilogrammes 
(114*64  lbs.)  of  blende  he  succeeded  in  obtaining  one-hundredth  of 
a  milligram  (•000154  grain)  of  gallium;  in  other  words,  in  order  to 
obtain  a  unit  of  gallium  he  was  oI)liged  to  use  five  thousand  million 
units  of  blende.  By  pursuing  his  investigations  Boisbaudran  found 
that  there  was  a  very  close  agreement  between  the  properties  of  gallium 
and  those  which  had  been  previously  announced  by  Mendelejeff,  as 
belonging  to  a  metal  which  was  required  to  fill  a  vacancy  in  his  classi- 
fication.— Comptes  Rendus.  C. 
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ON  THE  ADHESION  OF  BELTS. 


By  J.  H.  Cooi'ER. 


The  driving  power  of  belts,  by  which  we  mean  the  holding  on  to, 
the  adhesion,  or  that  which  imparts  motion  to  a  belt  while  in  (X)ntact 
with  a  revolving  pulley,  has  been  attributed  to  several  causes,  to  one 
of  which  I  wish  in  this  short  article  to  refer — that  of  atmospheric 
pressure.  It  is  called  to  mind  now  by  reading  some  articles  in  late 
issues  of  scientific  papers,  which  lay  great  stress  upon  the  efficacy  of 
this  means  of  creating  adhesion.  This  announcement  is  much  like 
that  startling  physiological  statement  of  the  many  tons  of  pressure 
imposed  upon  the  human  body  by  the  atmosphere,  which  is  very  taking 
to  the  sense  until  better  known. 

A  belt  has  a  movement  to  and  from  a  pulley  with  perfect  freedom, 
regardless  of  the  atmosphere,  touching  it  as  its  form,  pliability  and 
strain  permit,  and  holding  to  it  according  to  the  interposed  unguent, 
adhesive,  or  viscous  substance,  which  has  been  spread  over  the 
surface  of  belt  and  pulley. 

The  kind  of  intermedia  used  has  much  to  do  with  the  driving  power 
of  l)elts.  If  fine  lubricating  oil  be  employed  on  clean  surfaces 
of  belt  and  pnlley,  it  will  effectually  exclude  the  air  from  the  sur- 
face of  contact,  but  the  driving  power  will  be  reduced  to  a  minimum, 
if  there  be  any  at  all  transmitted.  If  dry  dust  of  yielding  material' 
be  employed  on  clean  surfaces  of  belt  and  pulley,  then,  indeed,  will  the 
air  with  the  dust  diminish  driving  power. 

There  are  conditions  of  belt  driving  where  it  is  alleged  the  inter- 
posed film  of  air  lessens  adhesion.  Upon  this  Rankine  says :  '"It  is 
^vell  known  through  })ractical  experience  that  a  belt  for  communicat- 
ing motion  between  two  pulleys  requires  a  greater  tension  to  prevent 
it  from  slipping  when  it  runs  at  a  high  than  at  a  low  speed.  A'arious 
suppositions  have  been  made  to  account  for  this,  such  as  that  of  the 
adhesion  to  the  belt  of  a  layer  of  air,  which  at  a  very  high  speed  has 
not  time  to  escape  from  between  the  belt  and  the  pulley.  But  the 
real  cause  is  simply  the  centrifugal  force  of  the  belt,  which  acts 
against  its  tension,  and  therefore  slackens  its  grip  of  the  pulleys." 

In  collecting  "  belting  facts  and  figures  "  during  the  last  score  of 
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years,  for  iiw  own  use,  I  met  with  several  statements  asserting  with 
considerable  confidence  the  doctrine  of  "  suction  "  as  tlie  chief  cause  of 
attachment  between  pulley  and  belt,  but  I  could  not  find  anywhere 
written  a  fair  statement  of  reasons  why  such  a  force  did  or  did  not  act 
according  to  the  circumstances  of  belt  driving,  nor  could  I  discover 
any  appeal  to  experiment,  which  by  removing  the  atmosphere,  putting 
suction  outside  the  apparatus  (as  it  were),  and  thus  settling  once  for  all 
the  vahie  of  vacuum  for  belt  driving;. 

It  is  very  true  that  if  tlie  ])elt  does  not  touch  tlie  pulley  it  cannot 
pull  it  around,  nor  can  it  be  driven  by  the  pulley.  It  is  also  true  that 
if  belt  and  pulley  touch  on  a  limited  area  only,  each  c<in  drive  the 
other  with  a  force,  but  a  jmrt  of  what  it  is  capable  of  doing,  and  it  is 
only  when  contact  is  made  perfect,  that  is  when  every  square  inch  of 
the  belt,  so  to  speak,  is  down  solid  on  the  pulley  surface,  which  sur- 
face we  will  grant  is  very  smooth,  that  the  greatest  driving  effect  is 
obtained. 

In  practical  proof  of  the  necessity  of  contact  and  exclusion  of  air, 
I  offer  the  accidental  discovery  of  a  correspondent  of  the  Boston 
Journal  of  Commerce,  March  5th,  1880: 

"  Some  time  since  I  was  running  an  Andrews  pump  No.  4,  elevat- 
ing water  through  a  6-inch  pipe  22  feet  high,  driving  the  spindle 
with  an  8-inch  belt  on  a  pulley  12  inches  diameter;  825  Rpm. 

"  The  j)ulley  was  on  the  under  side  of  the  belt.  I  was  greatly 
troubled  with  slipping  and  'squealing'  of  the  belt.  Not  wishing  to 
run  the  belt  any  tighter,  I  ordered  three  rows  of  holes,  |  of  an  inch 
diameter,  '2h  inches  distance  on  the  circumference,  to  be  drilled,  pre- 
])aratorv  to  facing  with  leather  and  rivets  through  the  holes.  Not 
being  able  to  finish  the  job  inunediately,  the  belt  was  put  on,  and 
greatly  to  our  surprise  worked  without  slipping  or  'squealing'  at  all, 
perfectly  noiselessly.     The  air  loas  let  out  through  the  holes." 

These  things  being  so,  are  we  yet  warranted  in  concluding  that  the 
imparting  of  motion  from  belt  to  pulley  and  pulley  to  belt  is  all  the 
work  of  the  air,  or,  rather,  the  effect  of  its  absence  from  the  region  of 
contact  and  the  presence  of  it  on  opposite  sides  of  belt  and  pulley  ? 

Again,  is  the  driving  of  the  belt  in  the  same  direction  as  that  in 
which  the  suction  is  felt?  Now  mark,  the  atmospheric  resistance 
becomes  sensible  by  pulling  at  right  angles  to  a  plane  surface  of  joint 
which  does  not  admit  air ;  release  the  pull  and  try  to  slip  the  piece 
used  for  testing  (which  may  be  of  wetted   leather  of  handy  size)  over 
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the  .surf'aoe  to  w  liidi  it  is  ;i|>|)Iii'(l  ;  it  moves  freely  in  (!veiy  direction, 
ott'erino-  no  resistance,  j)ossessing'  no  adhesion,  hein^',  in  fact,  in  eqnilil)- 
riiirn,  and  by  lifting'  one  edf^e  can  he  raised  wliolly  away  witli  ease. 

The  |)()\ver  of  the  belt  does  not  move  in  lines  at  right  angles  to  its 
•contact  with  the  pnlley  face,  but  tangent  to  the  j)ulley  circle,  parallel 
to  the  face  of  contact;  as  we  slip  the  sucker  freely  on  the  flat,  wetted 
;surface,  so  the  belt  slides  on  the  pulley  face,  there  is  no  atmospheric 
})ressnre  manifest  in  either  case. 

But  has  any  one  tested  this  matter  in  a  vacuum  and  made  record  (jf 
the  results  gained  ?  I  have ;  antl  if  you  allow  me  I  will  quote  from 
"''Use  of  Belting"  what  I  said  about  this  several  years  ago: 

The  adhesion  of  belts  to  pulleys  is  frequently  attributed  to  the  pres- 
sure of  the  atmosphere,  and  in  order  to  show  how  much  the  air  influ- 
ences belts  in  this  particular,  the  following  simple  experiments  are 
presented  : 

Take  a  circidar  disc  of  leather,  say  3  or  4  inches  diameter,  with 
knotted  string  secured  in  its  centre,  and,  when  well  Avater-soaked,  press 
it  upon  any  level  wetted  surface.  The  "boys"  call  this  apparatus  a 
■"sucker,"  and  it  well  illustrates  the  phenomenon  of  atmospheric  pres- 
sure, or  "suction,"  as  it  is  usually  called. 

If  an  effort  be  made  to  draw  it  away  from  this  surface  by  the  .string, 
it  will  be  found  resisting  very  forcibly,  but  the  gentlest  pressure  will 
slide  it  on  the  wetted  surftice ;  it  does  not  offer  the  slightest  opposition 
to  motion  in  the  direction  of  its  face,  nor  will  it  resist  removal  if 
raised  first  at  the  edge  and  then  peeled  "off. 

The  atmosphere  does  not  press  two  bodies  together  when  it  can  get 
between  them;  it  is  only  when  excluded  by  a  tight  joint  that  the 
<levelopment  of  its  pressure  is  possible,  and  it  becomes  sensible  only 
when  an  effort  is  made  to  separate  them  by  a  force  acting  at  right 
^angles  to  the  plane  of  their  faces. 

Another  simple  experiment  shows  that  when  two  level,  smooth  and 
■clean  surfaces  come  together  by  a  motion  like  the  closing  of  a  book — 
"which  is  similar  to  that  of  a  belt  coming  in  contact  with  its  pulley — 
there  will  be  retained  between  the  two  a  thin  film  of  air,  and,  while 
this  remains,  the  contact  of  the  two  is  imperfect,  and  the  sliding  of  one 
over  the  other  is  easily  performed.  Take  two  iron  "surface-plates," 
which  have  been  scraped  down  to  a  practically  perfect  plane,  and  lay 
one  of  these  on  the  other,  like  a  belt  goes  to  a  pulley ;  they  Avill  be 
found  iiot  in  contact  at  all,  but  as  if  floating  one  on  the  other,  and  the 
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top  one  will  slide  off  by  its  own  weight  at  the  least  inclination  of  the 
lower  one. 

Much  of  this  interposed  tihu  of  air  can  be  displaced  bv  a  sliding  of 
one  plate  on  the  other,  starting,  say  at  one  corner,  with  the  plates  in 
close  contact,  and  carefully  pushing  one  over  the  other,  holding  it  the 
while  close  to,  as  if  to  keep  the  air  out.  Then,  indeed,  an  obstinate 
resistance  to  sliding  will  be  felt,  and  the  friction  of  nearer  contact  will 
be  made  thoroughly  sensible. 

But  this  way  of  bringing  surfaces  into  contact  has  nothing  to  do 
with  belt  action,  except  to  prove  the  need  of  a  plastic  surface  on  belt 
and  pulley,  which  will  enable  them  to  adhere,  while  in  contact,  with 
sufficient  force  to  prevent  sliding,  and  at  the  same  time  l)e  uninflu- 
enced by  the  intermedium  of  air. 

And  lastly,  in  order  to  i)ut  the  matter  to  actual  test,  an  apparatus 
was  constructed,  such  that  a  leather  belt  was  made  to  slide  on  the  face 
of  a  smooth  iron  pulley,  and  also  to  drive  the  same  iron  pulley  up  to 
slipping  of  the  belt.  In  both  cases  the  adhesion  or  driving  |)ower  of 
the  belt  was  held  by  a  spring  balance,  so  the  work  of  the  belt  could 
be  observed. 

Experiments  were  tried  with  this  mechanism  placed  in  a  bell  glass 
jar  on  an  air  pump  plate,  with  and  without  air  in  the  jar,  and  if  any 
diflference  was  observed  in  the  adhesion  of  the  belt  to  the  pulley  it 
had  more  in  vacuum  than  when  the  atmosphere  was  present. 


Effect  of  Use  upon  the  duality  of  Iron. — lu  the  smpmer  of 
1878  Prof.  Bausehinger  superintended  some  repairs  upon  a  chain  bridge 
which  had  been  built  in  1829.  He  examined  several  of  the  links  by 
various  tests,  and  found  that  there  was  no  evidence  of  any  diminution 
in  the  strength  of  the  iron,  nor  of  any  change  in  its  structure  or  its 
elasticity  during  the  use  of  nearly  half  a  century  to  which  it  had  been 
subjected.  In  1852  von  Pauli  tested  several  bars  for  another  bridge, 
which  was  repaired  in  1878,  when  Bausehinger  sr.bjected  some  of  the 
.same  bars  to  new  tests.  He  found  that  the  mean  strength  was  still 
the  same,  after  twenty-five  years'  use,  and  that  no  change  of  structure 
appeared  to  have  occurred  since  the  time  of  von  Pauli's  original  tests. 
— Dingl.  Jour.  C. 
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The  Brush  Machine  in  England.— The  competitive  trial  of 

(Ivimiiio-cU'ctric  iiiacliiiies  by  tlic  Fi'aiiklin  Institute  has  been  turned 
to  o;o()(l  account  by  the  proprietors  of"  tiie  Brush  machine,  who  have 
lately  introduced  it  into  Eni»;land.  The  correspondent  of"  a  French 
journal  states  tliat  with  13i  horse-power  it  maintains  16  lamj>s,  eafh 
having-  a  luminous  caj)acity  of  lOOO  standard  candles.  He  j>ronounces 
this  the  most  satisfactory  result  which  has  yet  l)een  attained. — Chron. 
Indiist.  C. 

Yeast  vs.  Phylloxera. — The  recent  investigations  of  Hagen  on 
the  destruction  of  obnoxious  insects  by  aj)plication  of  the  yeast  fungus 
have  awakened  .some  discussion  in  the  French  Academy,  in  view  of  the 
failure  of  all  the  plans  for  destroying  the  phylloxera.  Some  members 
of  the  commission  have  recommended  the  withdrawal  of  the  prize  of 
300,000  francs  (^60,000).  The  perpetual  secretary,  however,  urged  a 
series  of  experiments  similar  to  Hagen's,  and  it  has  been  decided  to 
continue  the  prize. —  Comptes  RendiLs.  C. 

Fire-  and  Waterproof  Paper. — Mix  one-third  of  ground  asbestos 
fibre  with  two-thirds  of  paper  paste  in  a  solution  of  common  salt  and 
alum.  Pass  the  mixture  into  a  machine,  plunge  the  paper  thus  made 
into  a  batli  of  dissolved  gum  lac  and  send  it  through  the  finishing 
rolls,  when  it  may  be  cut  into  sheets.  The  salt  and  alum  increase  the 
strength  of  the  paper  and  its  resistance  to  the  action  of  fire.  The  lac 
renders  it  impermeable  to  moisture,  without  interfering  w'ith  its  fitness 
for  the  reception  of  ink. — Les  Mondes.  C. 

Chemical  Use  of  Glucose.— According  to  Bbttger  there  is  no 
method  for  reducing  the  salts  of  silver  so  convenient  and  so  sure  as 
theuseofgluco.se  in  alkaline  solution.  Take,  for  exam[)le,  chloride 
of  silver  freshly  precipitated  and  well  washed,  su.spend  it  in  a  suffi- 
(Ment  quantity  of  diluted  caustic  soda,  and  add  a  small  portion  of 
gluco.se;  in  a  few  minute.s,  upon  boiling,  the  reduction  takes  place. 
The  silver  can  be  collected,  washed  and  slightly  calcined,  in  order  to 
obtain  the  metal  pure,  under  the  form  of  a  light  sponge  of  a  dull 
white.  The  same  method  furnishes  an  exceedingly  active  platinum 
black,  and  with  the  salts  of  copper  it  gives  an  oxide  of  a  very  beauti- 
ful red.  —  Chem.  Zeit.  C. 
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Spectro metric    Measurement  of  High   Temperatures.— 

Crova  has  devised  an  instrument  which  he  calls  sppctropi/ro meter.  It 
consists  of  the  combination  of  a  direct-vision  spectroscope,  a  collima- 
tor and  dispersive  prisms,  and  a  graduated  circle  for  determining  the 
degree  of  rotation  which  is  necessary  to  ec£ualize  the  incandescent  light 
with  that  of  a  standard  lamp.  It  furnishes  the  means  for  accurate 
mea.surements,  from  all  temperatures  between  580°  (1076°F.)  and  the 
highest  possible  temperatures. —  Compter  Rendus.  C. 

Spontaneous  Generation. — Bastian  has  again  visited  Paris  in 
order  to  try  to  demonstrate  his  views  with  regard  to  spontaneous  gen- 
eration. Being  unable  to  come  to  any  agreement  with  Pasteur  as  to 
the  manner  of  conducting  his  experiments,  he  decided  to  return  to 
London.  But  before  setting  out  he  described  his  operation  in  detail, 
and  Pasteur  asked  him  how  he  cleansed  his  retorts.  He  replied  '^bv 
rinsing  them  with  very  pure  water."  Pasteur  assured  him  that  there 
were  bacteria  even  in  the  purest  water,  and  advised  him  to  repejit  his 
experiments  after  having  heated  all  the  apparatus  thoroughly  in  the 
tire.  Nothing  has  since  been  he  u  d  of  sponttineous  generation.— i^.? 
Mondes.  C. 

Office  of  Chlorophyll. — By  concentrating  solar  light  on  vegetable 
tissue,  under  a  microscope,  Pringsheim  has  conducted  a  series  of 
"  raicrophotochemic "  observations  upon  the  chlorophyll  and  proto- 
plasmic contents  of  the  living  cell.  The  absorption  of  oxygen  increases 
with  the  intensity  of  tiic  light,  and  especially  with  the  intensity  of 
the  chemical  rays.  But  the  increasing  intensity  of  the  respiration 
finally  becomes  injurious  by  burning  the  combustible  contents  of  the 
cell,  and  destroying  the  hypochlorine,  which  serves  as  a  food  for  respir- 
ation. The  light  which  is  necessary  for  accumulating  carbon,  there- 
fore, becomes  hurtful  as  soon  as  oxidation  exceeds  assimilation.  The 
chlorophyll,  by  its  luminous  absorption,  helps  to  balance  these  two 
(opposite  functions.  By  its  preference  for  the  chemical  rays  it  dimin- 
ishes the  respiratory  eifort,  and  thus  acts  as  a  protecting  screen,  so  that 
even  in  the  brightest  sunlight  the  assimilation  of  carbon  exceeds  the 
oxidation  of  the  carbonaceous  products.  Hence,  contrary  to  the  pre- 
valent opinion,  chlorophyll  has  no  direct  relation  with  the  decomposi- 
tion of  carbonic  acid,  but  it  serves  rather  as  a  regulator  of  vegetable 
respiratory  action. — Comptes  Rendus.  C. 
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Wollaston  Prize. -^I'Ik'  liDndon  (Jcolouical  Society  lui-s  awarded 
it.s  orcat  \V Ollastitii  medal  to  M.  I  )a ill )ree,  director  of"  tli<'  school  of 
mines,  lor  his  researches  upon  the  artificial  (constitution  of  the  materials 
found  in  aerolites  and  in  the  lavas  ejected  from  volcanoes. — C'hron. 
Lxhisf.  C. 

Magnetic  Rotation  by  the  Atmosphere. — In  a  work  which 

is  not  yet  (;(»mj)lete(l  JI.  JJec(|iierel  has  shown  how  to  measure  the 
magnetic  rotatory  ])ower  of  certain  gases,  and  especially  of  the  atmo- 
sphere, at  ordinary  temperatures  and  pressures.  He  finds  that  the 
rotatory  power  of  the  air,  for  the  yellow  rays,  may  l)e  re|)resented 
approximately  by  ()M)})0128,  the  rotjitorv  j)ower  of  bisulj)hide  of  carbon 
for  the  D  line  being  taken  a.s  the  unit. — Ann.  dc  ('him.  d  dc  Phi/.s.   C. 

Hygiene  of  the  Electric  Light. — M.  Javal,  director  of  the 
ophthalmic  laboratory  at  the  Sorbonne,  has  been  studving  the  hygienic 
influence  of  tiic  davlit>;ht  in  schools  and  of  various  artificial  liohts 
upon  the  eye.  He  concludes,  in  accordance  with  many  other  compe- 
tent savants,  that  the  electric  light,  when  suitably  arranged,  has  no 
injurious  influence  upon  vision,  and  that  it  possesses  many  advantages 
over  the  other  methods  of  lighting  which  are  now  employed. — Bidl. 
du  Mus.  de  Ulnd.  de  Bdg.  C. 

Compression  of  Gaseous  Mixtures. — If  five  volumes  of  car- 
bonic acid  and  one  volume  of  air  are  compressed  in  a  proper  apparatus 
the  carbonic  acid  readily  liquefies.  If  the  pressure  is  carried  to  150  or 
200  atmospheres  the  meniscus  of  liquefied  acid  is  gradually  effaced,  and 
the  liquid  finally  disappears.  The  tube  then  appears  filled  with  a 
homogeneous  matter,  which  resists  all  further  comjjression,  as  a  liquid 
would  do.  If  the  pressure  is  then  gradually  diminished  the  liquid 
suddenly  reap])ears,  at  a  pressure  which  is  constant  for  fixed  tempera- 
tures; a  thick  mist  arises,  vanishes  in  a  moment,  and  marks  the  level 
of  the  liquid  which  has  reappeared.  The  phenomenon  cannot  be 
explained  by  the  heat  of  compression,  for  the  tube  is  plunged  in  water 
which  keeps  it  at  a  constant  temperature,  and  the  compression  is  made 
slowly  enough  for  the  cooling  to  be  ahvays  complete.  Cailletet  thinks 
that  the  gas  and  liquid. are  mutually  dissolved,  so  as  to  form  a  homo- 
geneous compound.  He  has  extended  the  experiments  to  a  pressure 
of  450  atmospheres  without  varying  the  result. — Compt.  Rend.     V. 
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St.  Gotthard  Tunnel.  — The  length  of  the  tunnel  is  14,920 
metres  (9*27  miles),  the  breadth  6*5  metres  (7*  11  yards).  The  perfora- 
tion has  required  seven  years  and  five  months  (4^  years  less  than  Mont 
Cenis).  The  average  progress  per  day  has  been  5*5  metres  (5*015 
yards).  The  blasting  has  used  490,000  kilogrammes  (1,302,821  lbs.) 
of  dynamite.  The  total  number  of  mining  holes  was  about  320,000. 
There  have  been  1,650,000  drills,  and  1,450,000  cartloads  of  material 
have  been  taken  from  the  interior  of  the  mountain. — Le^  Mondes.    C. 

Launching  a  Bridge. — In  constructing  a  railroad  bridge  over 
the  river  Ranee,  at  Dinard  in  France,  the  engineer  decided  to  build 
the  bridge  on  the  shore  and  then  laun(  h  it  over  the  river.  The  bridge 
weighed,  when  it  was  complete,  2,600,000  lbs. ;  its  height  above  the 
river  was  100  feet,  and  the  span  314  feet.  Twelve  windlasses  were 
used  to  draw  the  bridge  into  its  place.  It  was  supposed  that  four  or 
five  days  would  be  sufficient  for  the  work,  but  in  consequence  of  the 
breaking  of  a  chain  two  weeks  were  re([uired. — Der  Technikcr.     C. 

A  New  Phenomenon  of  Magnetism.— It  is  Avell  known  that 
the  ratio  between  the  residual  and  tiic  temporary  magnetism  of  a  bar 
of  steel  enveloped  by  a  magnetizing  coil  diminishes  as  the  bar  becomes 
shorter  and  thicker.  Aug.  Kighi  was  led  by  theoretical  coiisiderations 
to  a  conclusion  which  is  opposed  to  the  ordinary  phenomena,  but 
which  experience  has  confirmed  in  every  particular.  It  is  this:  If  we 
take  bars  of  the  same  steel  and  of  the  same  diameter,  but  of  dimin- 
ishing length,  we  finally  reach  a  length  which  shows  no  magnetization, 
and  with  still  smaller  lengths  we  obtain  a  residual  magnetism  which 
is  opposite  to  that  of  the  coil.  —  Comptes  Rendus.  C. 
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Trusses  and  Arches.  By  Chas.  E.  Greene,  A.  M,,  Prof,  of  Civil 
Engineering,  University  of  Michigan.  Part  III,  Arches.  190  pp, 
8vo.     John  Wiley  c^'  Son,  New  York. 

This  last  part  completes  Prof.  Greene's  discussion  by  graphical  and 
analytical  methods  of  the  theory  of  trusses  and  arches,  and  may  be  said 
to  present  by  far  the  most  full  and  compendious  text  book  on  this 
subject  yet  published. 

Throughout  the  work  it  is  recognized,  properly,  that  the  graphical 
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representations  jir(!  approximate  exliil)itioiis  of  the  forces  hroui^lit  into 
phiv  by  supposed  coiistnictions,  where  the  relations  of"  leM<i:tiis  of  cer- 
tain lines  drawn  in  certain  dinH-tions  are  jjroved  to  he,  within  the  limit 
of  desirable  accuracy,  correct  [)ro])ortions  for  certain  strains  in  such 
directions.  And  this  recognition  is  accompanied  by  rigorous  analytical 
denionstration,  which  gives  the  derivations  of  such  lines  and  estiiblishes 
the  fact  that,  with  perfect  accuracy  of  drawing,  these  lines  become 
absolutely  correct.  It  is  doubtful,  however,  if  the  expressed  aim  of 
the  author — "  to  give  the  ability  to  intelligently  design  an  arch  to 
those  not  familiar  with  higher  mathematics  " — can  be  effected.  The 
Yoxal  road  to  knowledge  is  not  shortened  by  cross  cuts.  The  student 
or  the  engineer  who  shall  have  so  studied  Prof.  Greene's  admirable 
and  short  treatise  as  to  use  it  intelligently  will  have  become  familiar 
with  the  mathematics  of  the  subject.  It  is  possible  that  in  the  class  in 
the  University  a  student  may  be  instructed  touse  the  gra[)hical  methods 
independently,  but  unless  the  foundation  be  such  that  the  reason  for 
those  methods  remain  for  all  time  in  the  memory  of  the  student,  his 
application  years  afterwards  will  be  likely  to  be  more  faulty  than  that 
of  the  wholly  uninstructed  mechanic  who  copies  admitted  excellent 
practice  bv  a  simple  effort  of  visual  appreciation,  and  modifies  by 
empirical  proportions  to  suit  novel  requirements.  The  constructor, 
whether  engineer  or  contractor,  who  will  fully  meet  a  new  demand 
in  truss  or  arch  construction  will  be  safe  to  call  to  his  assistance  some 
one  grounded  in  the  elementary  knowledge  to  be  found  in  its  best 
form  in  this  book  of  Prof.  Greene's,  and  not  to  trust  to  an  imperfectly 
understood  application  of  its  rules.  B. 


Practical  Keramics  for  Students.     Bv  C.  A.  Janvier.     Square 
12mo.     New  York  :  Henry  Holt  &  Co.,  1880. 

In  this  work  the  talented  authoress  has  given,  in  as  small  a  compass 
as  possible,  a  clear  account  of  the  manufacture  and  decoration  of  pot- 
tery of  all  kinds,  the  well  known  works  of  Jacquemart,  INIarryat,  Birch 
and  others  having  been  carefully  studied  beforehand,  and  while  she 
has  devoted  most  attention  to  kinds  of  pottery  that  have  a  general 
interest,  histories  of  it  Jiave  been  omitted,  or  only  touched  upon,  from 
having  ap})eared  so  often  before,  and  illustrations  of  the  machinery 
used,  furnaces,  etc.,  are  not  given,  for  the  same  reason.  The  fullest 
details- seem  to  be  with  regard  to  modern  pottery,  Limoges  wares  and 
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the  wonderful  productions  of  the  Chinese  and  Japanese  artists,  so 
eagerly  sought  for  by  all  collectors.  In  the  first  chapter  the  nomen- 
clature of  the  subject  and  depositions  are  given,  followed  by  a  brief 
historical  sketch  and  an  account  of  the  materials  that  enter  into  this 
important  manufacture.  The  various  processes  are  then  taken  up,  the 
preparation  of  the  pastes,  the  shaping,  glazing,  firing,  etc.  An  im])ort- 
ant  chapter  is  then  given  on  the  decoration  of  porcelain.  A  descrip- 
tion of  the  different  wares  then  follows — soft  pottery,  hard  and  very 
hard — being  the  general  divisions,  and  the  remainder  of  the  work  is 
taken  up  with  a  treatise  on  keramic  painting,  aesthetic  hints,  etc.  In 
an  appendix  we  have  a  short  bibliography  of  the  subject  (only  a  few 
authorities  being  mentioned),  and  a  brief  criticism  of  their  works  are 
given.  The  index,  without  which  by  a  heavy  penalty  in  law  no  book 
should  be  allowed  to  appear,  is  quite  a  full  one,  and  admits  of  ready 
reference  to  any  particular  jioint. 

The  work  is  tastefully  got  up,  and  the  cover  highly  artistic  and 
attractive.  The  paper  and  tiie  broad  margin  of  the  page  are  in  the 
right  direction,  but  we  cannot  help  but  think  a  lighter-faced  type  and 
less  heavy  impression  would  have  made  a  more  beautiful  book.     N. 


Dwelling  Houses:  Their  Sanitarv  Construction  and  Arrangements. 
Bv  Prof.  W.  H.  Corfield.  LSn'io.  Xew  York:  D.  Van  Nos- 
trand,  18<S0. 

The  great  importance  of  the  subject,  and  the  interest  manifested  in 
all  that  pertains  to  the  hygeine  of  our  homes,  was  the  reason  of  the 
republication  of  these  lectures  in  their  present  form.  After  giving 
some  directions  as  regards  the  situation  and  construction  of  a  house 
that  apply  to  our  country  as  well  as  England,  the  important  subjects 
of  ventilation,  lighting  and  warming  are  taken  up.  The  author 
believes  that  the  use  of  coa.1  in  our  houses  will  cease  almost  entirely, 
and  the  proper  use  of  gas  will  be  found  in  heating  apartments,  cook- 
ing, etc.,  stoves  for  this  purpose  being  highly  commended  for  their 
convenience  and  cleanliness,  the  products  of  combustion  being  of  course 
removed.  The  remainder  of  the  work  is  taken  up  with  the  question 
of  sewerage,  ventilation,  etc. 

The  eminence  of  the  author,  and  his  high  reputation  as  a  writer, 
particularly  qualify  him  to  speak  intelligently  on  these  subjects,  and 
his  work  is  worthy  of  a  careful  study  by  all  interested,  N. 
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Tin   AfiNiNG  in  TjARUT.     By   Patrick   Doyle,   C.  E.     With    maps, 
plates,  etc.      12ino.     J^ondoii  :   E.  tt  F.  N'  Spon,  187!>. 

This  little  1)()(»1<  has  heen  reprinted  iVoiu  the  Mining  Journal,  and 
is  the  result  of  notes  made  during  the  author's  connection  with  the 
mines,  and  data  obtained  from  the  most  reliable  mine  owners  in  Larut, 
and  is  accordingly  very  interesting.  The  author  states  that  the  whole 
of  the  land  lying  along  the  base  of  the  Larut  ranges  is  more  or  le.ss 
stanniferous,  and  that  the  strip  is  in  length  about  fifty  miles,  with  an 
average  breadth  of  six  miles.  The  tin  beds  are  composed  of  granitic 
rocks  mixed  with  the  ore,  the  crystals  (peroxide  of  tin)  varying  from 
that  of  fine  sand  to  the  ordinary  quartz  pebbles.  There  are  eighty 
mines  in  operation,  owned  by  forty  firms,  employing  on  an  average 
eighty-six  men  in  each  mine.  As  the  Chinese  are  slaves  of  custom, 
and  everything  is  done  by  precedent,  they  are  much  averse  to  improve- 
ment; and  yet  in  one  of  the  largest  of  the  mines  a  centrifugal  pump 
and  engine  has  been  introduced  in  place  of  the  comparatively  tiseless 
Chinese  water  wheel,  and  with  admirable  results.  At  present  the 
extensive  mining  operations  in  this  locality  are  carried  on  entirely  by 
the  Chinese,  the  country  being  an  "  El  Dorado"  of  mineral  wealth. 

N. 
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Hall  of  the  Institute,  May  19th,  1880. 

The  stated  meeting  was  called  to  order  at  8  o'clock  P.  M.,  the  Presi- 
dent, Mr.  William  P.  Tatham,  in  the  chair. 

There  were  present  135  members  and  29  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers,  and 
reported  that  12  persons  were  elected  members  of  the  Institute  at  their 
last  meeting.  He  also  announced  the  award  of  the  Elliott  Cresson 
gold  medal  to  ^^"illiam  Farr  Goodwin,  for  his  mowing  machine,  iu 
accordance  with  the  recommendation  of  the  Committee  on  Science  and 
the  Arts. 

The  Secretary  reported  the  following  donations  to  the  Library : 

Letter  from  Secretary  of  ^yar  transmitting  Papers  of  Second  In.stall- 
nient  to  Jas.  B.  Eads.  From  the  AVar  Department. 
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Catalogue  of  Pennsylvania  State  College  of  Agriculture.  1879 — 
1880.  From  Jas,  Calder,  President. 

Circulars  of  Information  of  the  Bureau  of  Education.    No.  1,  1880. 

From  the  Bureau. 

Letter  of  the  Commissioner  of  Agriculture  to  Hon.  J.  W.  Johns- 
ton on  Sorgham  Sugar.  From  Agricultural  Department. 

Annual  Report  ol"  Friends'  Free  Library  of  German  town. 

From  the  Library. 

Papers  read  before  the  Pi  Eta  Scientific  Society.     1879 — 1880. 

From  the  Society. 

Charter  and  By-Laws  of  the  Pennsylvania  Museum  and  School  of 
Industrial  Art.  From  the  Museum. 

Measurement  of  Powder  Pressures  in  Cannon. 

From  Charles  Bullock. 

Teyth  Amiual  Report  of  Lake  Shore  &  Michigan  Southern  11.  W. 
Company.  From  the  Company. 

General  Systems  of  Measurement  for  Urethal,  etc.,  and  Researches 
on  Hearing,  by  C.  H.  Thoma.s,  M.  D.  From  the  Author. 

Special  Report  of  New  York  State  Survey  on  Niagara  Falls. 

From  Jas.  T.  Gurdner,  Director. 

Transactions  of  the  AVisconsin  State  Agricultural  Society.  1873 — 
1879.  From  George  E.  Bryant,  Secretarv. 

Twenty-first  to  Twenty-third  Annual  Reports  of  the  Secretary  of 
the  Board  of  Agriculture  of  Maine.  From  L.  S.  Ware. 

Iron  and  Steel  Works  of  United  States.     1880. 

From  American  Iron  and  Steel  Association. 

Crosby  Steam  Engine  Indicator.  From  G.  H.  Crosbv. 

Twenty-sixth  to  Twenty-eighth  Annual  Reports  of  the  Indiana 
State  Board  of  Agriculture.  From  the  Board. 

Eighth  to  Tenth  Annual  Reports  of  the  Geological  Survey  of  In- 
diana, 1876—1878,  by  E.  T.  Coxe.  From  the  Author. 

Annual  Reports  of  the  Operations  of  the  U.  S.  Life  Saving  Service 
for  the  year  1879.  From  the  Treasury  Department. 

Report  of  the  Council  of  Education  ujjon  the  Condition  of  the 
Public  Schools  of  N.  S.  W.     1878. 

From  W.  Wilkins,  Secretary. 

Council  Books  of  the  Corporation  of  the  Cities  of  Cork  and  Kinsale, 
by  R.  Caulfield.  From  the  Author. 

Whole  No.  Vol.  CIX. — (Third  Series,  Vol.  Ixxix.)  :m\ 
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Aimalos  Indiistrielle.      1869—1874.     Text  and  Plat&s. 

From  L.  8.  Ware. 

Mr.  W.  Barnet  Le  Vnu  reatl  a  paper  on  "  High  Raifway  Spced.s," 
suggested  by  tlie  trial  trip  of  the  locomotive  built  at  the  iiaidwin 
Locomotive  Works  lor  the  Reading  Railroad  Company,  an<l  intended 
to  run  from  Philadelphia  to  Xew  York  in  90  minutes,  or  at  the  rate 
of  a  niile  a  minute.  To  tlo  this  it  must  be  (•aj)able  of  running  at  a 
faster  rate  on  parts  of  the  road  to  make  uj>  fir  time  lost  in  passing- 
over  bridges  and  through  towns,  where  a  slower  rate  is  necessary.  To 
aeeomj)lish  this  with  safety  the  road  bed  must  be  in  perfect  condition, 
and  some  changes  must  be  made  in  the  form  of  locomotives  as  now 
commonly  used.  This  new  locomotive  has  a  single  pair  of  driving 
wheels  Qh  feet  in  diameter,  in  place  of  coupled  drivers  of  5^ 
feet  in  diameter.  In  the  latter  form  of  engines  run  at  high 
speed  there  is  danger  that  the  coupling  rods  connecting  the  driving 
wheels  will  be  broken  by  centrifugal  force.  The  larger  wheel  also 
reduces  the  number  of  revolutions  per  mile  of  run.  In  the  new  loco- 
motive the  boiler  has  1400  square  feet  of  heating  surface  and  about  56 
square  feet  of  grate  surface.  The  dimensions  are  as  follows  :  Diameter 
of  cylinder,  18  inches;  length  of  stroke,  24  inches;  diameter  of  driv- 
ing wheel,  78  inches ;  wheel  base,  21  feet  1  inch  ;  distance  from  centre 
of  driving  wheel  to  centre  of  trailing  wheel,  8  feet.  The  boiler  is 
made  of  -^  inch  steel  and  is  52  inches  in  diameter.  It  contains 
198  tubes  2  inches  in  diameter  and  12  feet  2f  inches  long.  The  fire 
box  is  9Qh  by  84  inches.  The  capacity  of  the  tender  is  about  3,80(1 
gallons  of  water,  and  weight  when  filled  with  water  and  coal,  70,000 
pounds.  The  weight  of  the  engine  is  85,000,  and  is  so  disposed  that 
by  an  alteration  of  fulcrum  points  additional  weight  can  be  throw^n  on 
the  drivers  at  the  time  of  starting.  At  a  trial  trip  on  May  14th,  the 
engine  was  attached  to  a  train  of  four  cars,  each  weighing  about  42,000 
pounds,  making  the  weight  of  the  train  complete,  about  148  tons.  The 
run  was  made  at  rates  ranging  from  27  miles  an  hour,  between  Ninth 
and  Green  and  Wayne  station,  to  63  miles  an  hour,  between  Trenton 
Junction  and  Bound  Brook,  the  time  from  Ninth  and  Green  to  Jersey 
C-ity  (89.4  miles)  being  98  minutes,  or  at  the  rate  of  54f  miles  per 
hour.  On  the  return  trip  the  run  was  made  in  100  minutes.  In  a 
tbrmer  trip  the  engine  developed  a  speed  of  nearly  seventy-nine  miles 
an  hour.  In  these  trial  trips  the  engine  consumed  36  gallons  or  300 
pounds  of  water  per  minute.    Mr.  Le  Van  prophesied  that  within  five 
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years  "  passengers  would  be  set  clown  iu  New  York  in  one  hour's  time 
from  this  cit}'."  The  average  time  on  English  railways  is  46  miles 
per  hour,  on  French  37|^,  on  German  40,  and  on  American  37.  On 
English  railways,  Qh  feet  driving  wheels  are  quite  as  common  as  oh; 
wheels,  and  some  of  the  fast  lines  have  8  and  9  feet  wheels,  one  line 
having  10  feet  wheels.  Engines  with  one  pair  of  drivers  are  not  new 
in  this  country,  and  Mr.  Le  Van  described  several  which  had  been 
built  at  the  Baldwin  Locomotive  Works,  by  Eward  S.  Xorris  and  Nor- 
ris  Brothers,  and  by  Ross  Winans,  of  Baltimore.  Some  of  these 
developed  high  rates  of  speed. 

At  the  conclusion  of  the  reading  of  the  paper  Mr.  J.  Snowden  Bell 
said  he  regretted  that  Mr.  Le  Van  had  not  informed  the  Institute 
about  the  grade  of  the  road  and  the  steam  pressure  during  the  trial 
trip.  In  considering  the  capacity  of  engines  it  is  very  important  to 
know  the  grades  of  the  road  and  the  capacity  of  the  engine  for  gene- 
rating steam.  He  spoke  of  a  trip  he  had  made  over  the  line  last 
Monday  in  a  regular  train,  when  the  odor  of  gas  from  the  engine  was 
very  strong,  and  the  engine  ran  with  noticeable  irregularity. 

Mr.  Le  Van  said  that  the  grade,  he  believed,  was  about  56  inches 
to  the  mile.  On  the  trial  trip  the  steam  pressure  was  140  pounds  at 
the  start ;  it  ran  down  to  90,  owing  to  the  use  for  a  time  of  ])oor  fuel, 
and  when  the  train  reached  Jersey  City  it  was  about  130.  On  the 
return  tri})  the  engine  started  with  pressure  at  about  140  and  reached 
Philadelphia  with  about  120  pounds.  He  had  no  doubt  that  a  pres- 
sure of  120  pounds  would  be  required  for  a  steady  run.  He  said  that 
he  believed  this  new  engine  had  all  the  elements  of  speed. 

Prof.  Marks  said  that  he  had  made  some  calculations  of  the  maxi- 
mum speed  at  which  engines  could  be  driven  before  the  centrifugal 
force  on  the  tires  of  driving  Ayheels  would  become  so  great  as  to  cause 
them  to  burst.  These  calculations,  which  were  approximate  only, 
showed  that  the  limit  of  speed  was  in  the  neighborhood  of  150  miles 
an  hour,  and  we  have  already  attained  78  miles  an  hour,  or  more  than 
half  that  limit.  He  was  asked  whether  there  was  not  danger  that  the 
heating  eifects  of  such  rapid  travel  would  be  so  great  as  to  destroy  the 
axles  and  bearings.  He  replied  that  Dr.  Lardner  had  published  what 
he  considered  demonstrations  that  the  heating  eifects  of  revolving- 
paddle  Avheels  of  steamships  would  be  so  great  as  to  burn  them  up 
before  they  could  get  out  of  their  docks,  and  in  view  of  the  practical 
refutation  given  to  those  "  demonstrations  "  he  did  not  think  it  worth 
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wliilf  t«»  make  similar   |>r(ij)lK'cies  al)()iit   tlic   lieatin^-  ettccts  of  liij^h 
rates  of  S])eed  on  railways. 

In  reply  to  an  incjuiry  from  the  Pre.sident  as  to  tlie  anthority  for 
tlie  statement  about  Dr.  Lardner,  Prof.  Marks  said  that  an  American 
edition  of  Lardner's  lectures  had  heen  ])ul)lislied  iu  New  York,  he 
thought,  in  18."i2. 

\  jientleman  in(juired  whether,  in  view  of.  the  increased  speed  (»f 
trains,  the  trestle  work  bridges  on  the  ]>ouud  Jirook  route  were  to  be 
strengtiiened,  saying  that,  while  crossing  one  of  the  long  bridges 
recently,  the  })assengers  in  a  train  were  startled  by  the  vibrating  of  the 
bridge. 

]Mr.  Le  Van  said  that,  on  the  trial  trip,  the  day  being  calm,  he  had 
gone  out  on  the  platform  to  notice  the  effect  in  crossing  the  bri  Iges, 
and  there  was  no  unusual  vibration  or  swaying  of  the  structure.  He 
understood,  however,  that  the  bridges  were  to  be  strengthened  and 
jnade  entirely  safe  for  the  running  of  fast  trains. 

Mr.  li.  R.  Atchison,  of  New  York,  presented  samples  of  work  done 
by  liis  new  metal,  wood  and  stone  working  machinery,  and  presented 
a  })aper  descriptive  of  the  uses  to  which  it  could  be  ai>plied.  He 
claimed  for  the  machine  a  new  mechanical  movement,  the  bits  (in 
pairs)  with  which  the  work  is  done  having  a  continuous  rotary  motion, 
as  well  as  an  alternating  j^ercussive  stroke.  This,  he  says,  gives  a  new 
and  peculiar  cutting  action  with  not  only  the  fast  clipping  power  of 
the  pick  or  chisel  when  used  by  hand  with  a  twisting  motion,  but  the 
smooth,  steady  work  of  a  rotary  bit.  The  resistance  to  feed  is  much 
less  than  with  a  routing  tool,  which  is  always  in  contact  with  the  work. 
In  the  new  machines  the  bits  are  out  of  the  work  more  than  they  are 
in  it.  The  inventor  claims  that  the  wear  on  tools  is  considerably  less 
than  one-half  compared  with  hand  work,  and  that  they  can  be  used 
constantly  on  granite  for  at  least  one  hour  without  changing.  One  set 
will  cut  not  less  than  360,000  blows,  without  requiring  to  be  resliarp- 
ened — equal  to  live  hours  of  hand  work.  A  large  machine  for  stone 
cutting,  now  in  use  in  Xew  York,  dresses  blocks  of  granite  eight  by 
five  feet  on  the  ground  and  3|  feet  high,  and  can  be  adapted  to  work 
larger  blocks.  The  head  is  given  all  the  various  feed  motions  required 
for  difierent  kinds  of  work,  but,  unlike  an  ordinary  pit  planer,  the 
head  cuts  on  the  return  as  well  as  on  the  out-stroke.  The  wood-work- 
ing machines  have  the  same  peculiar  mechanical  movement.  They 
are  particularly  adapted  to  carviug  advertising  signs,  making  pattern 
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blocks  for  printing,  wood  blocks  for  circus  and  theatrical  printing,  etc. 
The  metal-working  machine  is  similar  to  the  others,  but  much  smaller, 
and  is  already  in  use  for  matting  and  chasing  jewelry  and  silver  ware. 
Several  beautiful  specimens  of  the  work  of  the  machine  were  exhibited. 

Mr.  J.  E.  Mitchell  said  he  was  happy  to  hear  that  there  was  at  last 
a  machine  that  would  economically  dress  such  a  hard  stone  as  granite, 
but  he  desired  further  information  on  that  point,  and  inquired  what 
amount  of  granite  could  be  dressed  in  an  hour. 

Mr.  Atchison  replied  that  the  machine  would  cut  granite  at  the  rate 
of  9  square  feet  in  12  minutes  -^  of  an  inch  deep. 

Mr.  Mitchell  said  that  that  was  not  deep  enough  to  dress  off"  a  block 
as  it  comes  from  the  quarry. 

Mr.  Atchison  said  that  the  operation  could  be  repeated  as  often  as 
required,  and  that,  if  there  were  great  irregularities,  the  cuttei'S  could 
be  employed  only  in  the  higher  ]>arts,  until  they  were  gradually 
reduced  to  the  general  level. 

After  further  inquiries  Mr.  Mitchell  figured  out  that  to  remove  one 
inch  from  9  square  feet  of  granite  would  require  three  hours,  and  he 
thought  this  was  not  enough  to  make  the  maciiine  economical. 
He  then  inquired  about  the  tools,  and  being  told  that  they  struck  6000 
blows  per  minute,  and  could  be  run  for  an  hour  without  sharpening, 
said  that  they  must  be  made  of  steel  of  remarkably  tine  quality. 

Mr.  Atchison  said  that  they  would  not  be  dulled  as  quickly  while 
striking  6000  blows  per  minute  as  if  they  were  run  at  slower  s])eed, 
say  4000  blows  per  minute. 

Mr.  Mitchell  incpiired  as  to  the  cost  of  the  machine. 

Mr.  Atchison  said  that  onlv  one  large  stone  cutting  machine  had 
been  built,  that  now  in  New  York.  It  was  the  first  of  its  kind,  and 
had  cost  $3000,  but  every  one  who  had  ever  undertaken  to  build  a 
first  machine  would  understand  that  duplicates  could  l>e  made  for 
nmch  less.  This  machine  had  been  run  experimentally  for  aliout  a 
year,  and  on  its  performances  were  based  the  statements  he  had  made 
as  to  its  capacity. 

Specimens  of  aluminium  obtained  b}'  a  new  process,  anrl  of  its  alloys, 
were  exhibited  by  the  Pennsylvania  Xickel  Works.  A  paper  on  the 
subject  stated  that,  in  1827,  Prof.  F.  Woehler  discovered  the  metallic 
base  of  clay — aluminium — and  that  it  was  not  until  1854  that  Henry 
St.  Clair  Deville,  after  many  experiments,  succeeded  at  last  in  gaining 
the  metal  in  larger  quantities,  and  in  introducing  it  in  the  metallurgic 
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iiuln.stries.  He  reduced  chloride  of  aluiniuimn  by  lieatinj^  It  with 
sodium  iu  dry  hydrogeu  gas,  aud  uj)  to  tlie  pre.seut  time  hi.s  laboratory 
has  been  the  only  source  of  supply.  In  1858,  Mr.  William  Friscli- 
niutli,  of  this  city,  employinii:  a  .similar  process,  gained  aluminium,  but 
his  labors  were  financially  unproductive,  and  he  abandoned  them  to 
raise  a  regiment  during  the  war.  Quite  recently,  while  experimenting 
with  nickel  ores,  he  discovered  a  more  direct  method  of  smelting  alu- 
minium, and  he  exhibited  ingots  produced  by  his  process.  He  said 
that  the  metal  could  be  obtained  cheaply  and  almost  chemically  pure, 
so  that  it  can  be  extensively  used  for  the  manufacture  of  articles 
requiring  a  strong,  light  metal,  such  as  mathematical,  optical  and  sur- 
gical instruments.  The  color  of  the  metal  is  wdiite,  it  polishes  like 
silver,  does  not  tarnish,  has  the  .tension  of  copper,  and  a  .specific  grav- 
ity of  2*65,  that  is  to  .say,  it  is  four  times  lighter  than  silver.  Its 
alloys  promise  to  be  particularly  useful.  With  nickel  it  forms  a  tract- 
able compound  called  Alu-ni,  Avhich  was  patented  last  December  to  be 
used  for  electro-plating.  Alloys  of  aluminium  with  copper  and  with 
iron  also  promise  to  be  useful  in  manufactures  aud  for  electrical  con- 
ducting wires.  The  metal  itself  is  very  ductile,  and  can  be  drawn 
into  the  finest  wire.  It  takes  the  place  of  silver  in  bronzes,  because 
of  its  lightness  and  untarnishing  qualities.  The  pure  metal  and  its 
alloys  are  manufactured  at  the  Penn.sylvania  Nickel  Works  of  Frisch- 
muth  &  Van  Tronk. 

Prof.  Marks  exhibited  a  Peaucellier  compound  compass,  a  beautiful 
piece  of  workmanship  made  by  Mr.  Young,  of  Philadelphia,  and 
mentioned  at  the  previous  meeting  as  the  only  machine  capable  of 
drawing  a  straight  line.  He  explained  its  construction,  and  said  that 
he  desired  to  convince  Mr.  Nystrom  of  the  truth  of  his  previous 
assertion,  and  to  correct  his  statements  as  to  the  Sellers  planer  being 
capable  of  making  a  straigliter  line.  The  machine  was  afterwards 
.shown  at  work,  and,  in  the  language  of  Prof.  Mark.s,  made  a  line 
"  straighter  than  a  straight  edge."  It  was  not  designed,  however,  for 
this  purpose,  but  to  describe  arcs  of  a  radius  from  a  few  inches  to 
infinity,  and,  being  so  compact,  was  of  great  use  to  draughtsmen  and 
others,  and  capable  of  taking  the  place  of  immense  beam  compasses, 
requiring  two  men  to  operate  them. 

Mr.  Ny.strom  examined  the  machine  critically,  and  said  that  he  had 
no  doubt  it  would  draw  a  straight  line  //'certain  rods  or  arms  were 
made,  according  to  the  design,  exactly  of  the  same  length  ;  if  certain 
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otlier  arms  were  in  a  lixed  proportion  to  these  and  exactly  equal  tO'. 
each  other ;  if  the  pins  on  which  they  worked  were  exactly  true,  and_ 
//'  they  were  perfectly  fitted ;  there  Avere  not,  however,  so  many  ifs  in 
the  Sellers  Planer,  and  he  maintained  his  former  opinion. 

Among  the  novelties  shown  were  the  following: 

Mr.  Spellier  exhibited  a  new  pendulum  suspension  device,  designed 
to  keep  the  oscillations  of  the  pendulum  in  a  true  plane  only.  Tliis 
is  secnred  by  giving  the  suspending  spring  an  even  tension. 

Griscom  &  Co.'s  machine  for  re-fitting  valves,  a  small  hand  lathe^ 
with  attachments  to  produce  true  bevels,  could  be  used  to  repair  valves^ 
on  pi})es  or  boilers  without  disconnecting. 

Morse's  adjustable  shelving,  a  cheap  device  for  supporting  shelveb 
and  allowing  the  brackets  to  be  adju.sted  to  any  desired  height.  The 
brackets  fit  into  a  toothed  rack,  which,  being  securely  fastened  verti- 
cally, the  brackets  themselves  have  simply  to  be  put  in  ])lace  to  pre- 
pare supports  for  shelves  in  stores,  kitchens,  conservatories,  museums., 
or  in  any  place  wliere  it  may  be  desirable  to  have  adjustable  shelving.. 

Rutherford's  adjustable  horse  collar  and  hames,  made  of  malleable 
iron  and  capable  of  adjustment  to  fit  any  horse  and  to  allow  a  change 
of  draft  to  suit  the  work. 

A  model  of  A.  B.  Turner's  patent  underground  telegraph  line.  The? 
design  is  to  form  sections  of  glass,  furnace  slag,  or  other  insulated 
jnaterial,  to  be  laid  like  sections  of  terra  cottii  drain  pipe,  but  having,, 
instead  of  one  hole,  a  number  of  small  holes,  each  to  contain  a  single 
uncovered  wire  ;  also  to  have  relays,  etc.,  to  allow  tests  of  the  line  and 
the  turning  of  corners. 

Batchelder's  Patent  Scintillating  Gas  Lighter,  giving  4000  lights  witlK 
one  charging  of  the  apparatus ;  Crawley  &  Develin's  Shutter  Locking 
and  Bowing  Fixture ;  llogers'  Sewing  Machine  Scissors,  with  screw- 
driver, wrench,  etc.,  combined ;  Peterson's  Patent  Waterproofing 
Material,  and  Howard's  Metallic  Brushes. 

A  letter  was  read  from  Prof.  Henry  Morton  by  the  Secretary,  stating 
that,  in  the  examination  of  the  Brush  Co.'s  Electric  Lights  at  the 
Coney  Island  Pier,  they  were  not  in  charge  of  the  Company,  and  the 
results  as  read  at  the  March  meeting*  were  jjrobably  anything  but  an 
average  performance. 


See  Journal,,  pp.  284  and  418. 
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All  ;il)t^triic(  \va.s  also  read  from  a  papc'r  coiiccriiiiig-  the  early  use  ol' 
antliraeite  eoal  in  Pennsylvania. 

Prof.  Frazer's  resolutions  with  regard  to  an  aj)|)oijitinent  of  a  com- 
mittee of  chemists  to  report  on  the  scientific  value  of  some  expert  tes- 
timony given  in  a  recent  trial,  came  up  as  deferred  business  from  the 
last  meeting,  and  was,  on  motion  of  Mr,  Chabot,  again  postponed. 

Mr.  J.  W.  Nystrom  offered  the  following : 

In  the  May  number  of  the  Journal  I  am  recorded  to  have  said  that 
''  When  a  governor,  running  at  a  constimt  speed,  can  keep  it  almost 
olos^dT,  it  is  practically  an  isochronous  governor."  It  should  have 
,J(^n  reported  :  "  When  a  governor,  running  with  a  certain  constant 
speed,  can  keep  the  throttle-valve  of  a  steam  engine  wide  open,  and 
van  also  keep  the  same  throttle-valve  nearly  closed  whilst  running 
with  the  same  constant  speed,  then  the  governor  answers  the  purpose 
of  isochronous,  and  is  therefore  practically  so." 

I  also  said  that  cycloidal  pendulums  were  tried  on  clocks  in  Vienna, 
but  not  "  some  years  ago,"  as  the  minutes  make  me  say.  The  isochro- 
nal properties  of  the  cycloid  was  discovered  by  Galileo  in  the  year 
1615,  and  applied  to  clock  pendulums  by  Huyghens  about  the  year 
1655,  or  225  years  aigo.  The  principle  of  applying  the  cycloidal  pen- 
dulum to  clocks  is  described  and  illustrated  in  ^vorks  on  clockmaking, 
published  in  the  principal  languages  of  Europe  in  the  last  century. 

The  minutes  also  make  me  say  that  the  term  "isochronous  can 
really  be  of  no  practical  use,"  although  I  expressed  my  desire  to 
"  retain  that  term  for  practical  use,"  as  there  is  no  other  term  in  the 
English  language  which  expresses  that  property  of  a  governor. 

The  subject  was  discussed  by  Messrs.  McKean,  Eldredge,  Burk  and 
others,  and  on  motion  the  corrections  were  ordered  to  be  referred  to 
the  Committee  on  Publication,  that  they  might  appear  in  the  Journal. 

Mr.  Hector  Orr  offered  the  following  resolution  : 

Besoked,  That  by  the  death  of  Mr.  John  McClure  our  commu- 
nity has  lost  a  valuable  citizen  and  our  Institute  a  model  member. 
That  we  recall  with  gratification  his  long  services  among  us,  and  while 
Ave  here  record  our  sincere  regret  at  the  deprivation  now  incurred,  we 
commend  his  example  to  all  survivors  and  successors. 

On  motion,  the  Institute  adjourned. 

Isaac  I^orris,  M.  D.,  Secretary: 
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